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PREFACE 


Over the years there has been constant 
discussion about whether cow’s milk and 
other heterologous milks can provide a 
satisfactory substitute for the homologous 
human milk during the early part of the 
child’s life. Common experience has shown 
that with up-to-date methods of feeding 
with cow’s-milk mixtures, weight-gain and 
growth are comparable with those of the 
breast-fed infant, and that the general 
health is satisfactory. This does not neces- 
sarily mean that the bottle-fed baby is in 
every respect indistinguishable from the 
breast-fed, however. Of the many com- 
parative studies that have been made, 
strikingly few have been based on detailed 
analysis of serological and biochemical 
data in relation to clinical findings in a 
serics in which the groups to be compared 
differed solely with regard to mode of 
feeding, thus conforming with the funda- 
mental requirements of any comparative 
investigation. In the work now presented 
these factors were taken into consideration. 

The investigation was carried out in 
Norrbetten, the northernmost county of 


Sweden. It could have taken place any- 
where in the country, since the incidence 
of breast feeding is in most districts still 
sufficiently high. Norrbotten was chosen 
because preliminary discussion with re- 
presentatives of the County Council showed 
that interest in the project was lively and 
that funds would be made available to 
carry it through. The considerable prob- 
lems of administration and of transport 
of samples in such a widespread and 
distant area were more than compensated 
by the support and interest afforded us 
from the start by the County Council. 

After due preparation, the investiga- 
tion was commenced on June Ist, 1953, 
and it continued until May, 1957, lasting 
four years in all. Many people have taken 
part. We wish to mention two of them in 
particular, who by their vigorousand whole- 
hearted support have been indispensable 
to the carrying out of the investigation: 
K. G. Viklund, Esq., Chief Administrator 
of the County Council, and Miss Ebba 
Nilsson, Head District Nurse. 
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CHAPTER I 


BREAST FEEDING AND ARTIFICIAL FEEDING—A SURVEY 
OF THE LITERATURE 


by PAGET STANFIELD 


During the last fifty years continuous 
and considerable changes have taken place 
in the knowledge of and attitudes to breast 
and artificial feeding. In addition, the sti- 
mulus, and thus the emphasis and to some 
extent the outcome of research on the 
problem has been altering. In this chapter 
the subject will be reviewed in its develop- 
ment from early comparisons of statistics 
to the present-day complex comparisons 
of metabolism. 

The first stimulus arose from the neces- 
sity to find a suitable alternative should 
breast feeding fail, an occurrence which 
fifty years ago imperilled the health and 
life of the infant in temperate climes, and 
unfortunately still threatens the millions 
of infants born into the teeming, unhygie- 
nic life of the tropics. Research was re- 
rded, and its success shown by com- 
parisons of the results of breast and arti- 
ficial feeding. Vitamins and hygiene, and 
pa teurization, certification, and homoge- 
niy ition of milk all played a part in this 
pr-gress, 

.s women became more emancipated 
al | artificial feeding safer, babies were 
w: ined earlier from the breast. The pendu- 
lua commenced its swing in favour of 
ai ificial feeding, and provoked demon- 
stations that breast feeding was still the 


best form of nutrition for the baby. This 
was soon followed by a desire on the part 
of paediatricians to know whether there 
was in fact any real difference between 
the two methods of feeding as regards 
morbidity and nutrition under the new 
conditions. 

In recent years the controversy between 
those who maintain the advantages of the 
breast and those who see no disadvantage 
in the bottle has been superseded by expe- 
rimental efforts to clarify the chemical 
structure and nutritional importance of 
different milk constituents. In the second 
place, the desire to find the criteria of 
optimum nutrition has given new impetus 
to metabolic-balance investigations, and 
to more carefully controlled field studies. 
These latter have involved more exact 
observation of the details of feeding which 
were so often omitted or undefined in 
earlier work. Most authors classify their 
infants into the wholly breast fed, the 
partially breast fed, and the wholly artifi- 
cially fed, but often fail to define their 
criteria. 

In this review an attempt will be made 
to trace the predominant theories and de- 
velopments during the past fifty years, 
under the following headings. 

(1) Comparisons between gross statistics 
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on mortality and morbidity, both general 
and specific. 

(2) Comparisons of development as mea- 
sured by weight, height, ossification centres, 
and tooth development. 


(3) Comparisons of nutritional statu: as 
assessed by blood chemistry. 

(4) Comparisons of metabolic studie 

(5) Conclusion. The concept of optim im 
nutrition. 


1. Comparison between Gross Statistics on Mortality and Morbidit, 


The earliest and still the most important 
approach to the comparison of breast and 
artificial feeding is that based on morta- 
lity and morbidity. Most studies show that 
mortality and morbidity are higher in the 
bottle fed. This statement needs further 
explanation, however. 

Figures available over the last 50 years 
show that the mortality and morbidity 
during the first year of life have been 
steadily falling. In the same period the 
duration and incidence of breast feeding 
have been decreasing, though at different 
rates in different countries. There is no 
doubt that the decrease in mortality and 
morbidity has been greater in the artifi- 
cially fed, and so much so that nowadays 
many people believe that there is no differ- 
ence between the two methods providing 
they are both carried out under good con- 
ditions. 

Boéckh, one of the earliest observers, stu- 
died the infant mortality in Berlin during 
3 one-year periods at intervals of ten years 
(1885-6, 1895-6, and 1905-6), and related 
these to the type of feeding. The mortality 
rate under one year of age was much higher 
in the artificially fed, but the mortality 
among the latter fell at a much greater 
rate than that among the breast fed in the 
three successive periods. ° 

Though no single observer has since 
straddled such a period of time, this trend 


is clear from comparisons of subsequent 
studies. In America, Woodbury in |!)22 
found the monthly mortality figures for 
22,000 infants to be 3-6 times higher among 
the artifically fed. Grulee, Sanford, and 
Herron (1934) showed mortality figures ten 
times higher in the artificially fed in Chi- 
cago during the period 1924-29. In 130, 
however, two studies on small numbers 
of babies in good condition showed that 
morbidity could be so reduced in the 
artificially fed that in fact there was a 
slightly higher incidence of disease among 
the breast fed (Glazier, 1930; Faber and 
Sutton, 1930). In the only subsequent 
large study on mortality figures in the 
American continent, Ebbs and Mulligan 
(1942) from Toronto found equal num))rs 
of deaths amongst 1500 breast- and art ‘fi- 
cially-fed infants on admission to hospi: al, 
though there was still a higher proport ‘on 
of artificially-fed infants among those .d- 
mitted, compared with a control grou}: of 
healthy infants. Stevenson (1947) found 
among 263 Boston babies only a slight n- 
crease in incidence of respiratory infecti ns 
in the artificially fed as compared with ‘he 
breast fed. Norval and Kennedy (1!+9) 
surveyed 417 infants followed up fo: at 
least a year in a well-baby clinic ir ‘o- 
chester. The wholly artificially-fed inf« its 
showed an average illness rate during he 
first year of life of 1.16 per infant, whe: as 
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th rate for breast-fed aged 3 months 
an. over was between 1.50 and 1.57 per 
infant. 

n Britain the same trend is apparent. 
At the beginning of the century, Howarth 
(1903) in Derby demonstrated a much 
higher mortality among the ‘hand-fed’ 
babies than in the breast-fed, especially 
when sweetened condensed milks were 
used. Smellie (1939) found 41% of 375 
cases of infantile diarrhoea aged under 9 
months who had been breast fed for more 
than 1 month. In these the mortality rate 
was 29%, in contrast to 76.6% among 
those who had never been breast fed. Ro- 
hinson (1951) reported her experiences in 
a poor district of Liverpool during the 
years 1936-1942. Among over 3000 infants 
followed up from 3-4 weeks to 7 months 
or more, there were about equal numbers 
of totally bottle fed and totally breast fed 
(about 900 of each). The mortality of the 
bottle fed was 5-6 times as great and 
the morbidity twice as great as the breast 
fed. 

Neeny and Murdoch in 1941-1942 com- 
pared the feeding of 554 infants dying in 
the first year of life in Belfast with that 
in a control group of normal infants se- 
lected at random. About 75% of both 
groups were breast fed, with or without 
mills supplement, for the first 6 months 
of | ‘fe. The percentage of breast-fed infants 
alive and well of the total number in 
ea’ month in the mortality group was 
oer by just under a half than that of the 
covtrol group up to the 6th month. 

Jouglas (1950) compared a sample of 
40.9 full-term infants born in March, 1946, 
in Britain, and re-examined when 2 years 
', He found that the mortality figures 
w re small, and did not differ significantly 


13 


between the artificially fed and the breast 
fed, though the morbidity rates were 
slightly higher among the former. 

Crosse, Hickmans, Howarth and <Au- 
brey (1954) compared the mortality of 
breast- and bottle-fed infants in Birming- 
ham. Among 1061 infants weighing 54 
Ibs. or less at birth, the mortality be- 
tween | and 6 months of age varied from 
0.8% in the wholly breast fed to 5.6% in 
the wholly bottle fed. The corresponding 
figures for 2717 mature infants were 0.4% 
and 1.4%. This work was quoted by Asher 
(1952), who gave no further details. 

Asher repeated the type of investiga- 
tion carried out by Ebbs and Mulligan in 
Toronto, and attempted to determine the 
incidence and significance of breast feeding 
in infants admitted to hospital. She found 
the incidence of breast feeding signifi- 
cantly lower in cases admitted with infec- 
tions, particularly gastro-intestinal and 
upper respiratory tract infections, than in 
‘clean’ cases. 

The study by Stewart and Westropp 
(1953) showed only a slightly greater in- 
cidence of respiratory infection in the 
bottle fed compared with the breast fed in 
580 normal infants followed up at Oxford 
for 1 year. This result has been criticized 
on account of the possible selection in- 
troduced in favour of the bottle fed by 
excluding infants who had been seriously 
ill at or before the age of 2 months, but it 
nevertheless emphasized the small differ- 
ences which are being found in recent 
series. 

In Scandinavia, most of the work has 
been fairly recent. It is interesting to note, 
however, that, despite a very low infant 
mortality rate in these countries, Mann- 
heimer in 1943-1947 found from analysis 
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of mortality figures in Stockholm that the 
mortality risk for artificially-fed infants 
was two to three times greater than for 
breast-fed. The interpretation of this result 
is difficult, however. Joensen, in an ex- 
haustive survey of nearly 5000 infants in 
Denmark during the years 1939-1942, 
found that overall morbidity rates were 
higher in the artificially fed than in the 
breast fed. 

Gyllensward (1953) compared a group 
of 142 children followed up in a children’s 
home. Here he had the advantage of being 
able closely to observe infants in the same 
surroundings and exposed to approxi- 
mately the same risk of infection, although 
on different feeding régimes. He found no 
difference in the incidence, duration, or se- 
verity of clinical infections, and the degree 
of fever between the breast fed, partially 
breast fed, and wholly artificially fed. 

von Sydow and Faxén (1954) repeated 
this form of investigation in another chil- 
dren’s home on a smaller series of infants. 
They attempted to exclude all factors 
which might distinguish the breast-milk- 
fed and the cow-milk-fed infant by bottle- 
feeding equal numbers with the two types 
of milk. Their series was very small: in 
48 infants, of whom half were fed with 
cows milk and half with human milk, 
they found the number of febrile periods 
greater among the former. 

The same type of investigation, bottle 
feeding with breast milk and cow’s milk 
in a carefully controlled environment, is 
being used in current metabolic studies on 
full-term infants, and has been employed 
quite extensively in studies on premature 
infant feeding (see p. 26). It is hardly 
amenable to large-scale study of morbidity 
and mortality, however. 
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in this field has }) en 
limited. The early work of Béckh in Be) ‘in 


German work 


has already been described. Since then no 
major field studies have been repori d, 
Wendtland (1937) studied 327 sick infa its 
of which the majority were treated a. a 
clinic. She noticed the morbidity to be 
higher in the breast fed than the ariifi- 
cially fed, and ascribed this to maln«ur- 
ished mothers feeding their babies too |ong 
on insufficient breast milk, when the 
bottle-fed infants were receiving more toud 
and care. In such small series, local factors 
may greatly influence the findings. 

Sinios (1955) studied small numbers of 
infants fed on evaporated milk and pooled 
breast milk, and found no significant dif- 
ference in the amount of gastro-intestinal 
disturbance in each group. This work was 
criticized with regard to the methods used 
for comparison, by Droese and Stolley 
(1955). 

The discussion has thus far been limited 
to the total mortality and morbidity in 
relation to the predominant type of fecd- 
ing during the first year of life. Clo-er 
made on. (1) 


observations have been 


monthly mortality and morbidity figuyes 


in relation to the degree of breast or bot 


= 


feeding, (b) the long-term effect of bre 
feeding, and (c) specific morbidity figurs. 


(a) Monthly Mortality and Morbidit 
Rates 


In a closer examination of the morbid ty 
rates month by month, most recent » u- 
dies show that the advantage held .y 
breast-fed infants in the first few mon 1s 
of life decreases, until after three to x 
months there is no difference in the m r- 
bidity rates for breast and bottle feed ig 
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(Jcoensen, 1954; Crosse et al., 1954; Mann- 
heumer, 1954). If total breast feeding is 
prolonged to a year, the opposite is repor- 
ted in those few series in which this has 
taken place, especially when the nutrition 
of the mother has also been poor (Orkney, 
1946). As artificial feeding has improved, 
it would appear to have restricted in- 
creasingly the advantage of breast feeding 
to the first three months of life as far as 
incidence of disease is concerned. 

In most of the work already quoted, the 
authors have divided their feeding groups 
into (I) totally breast fed over a certain 
period (usually 3 or 6 months, and often 
allowing for a certain amount of comple- 
mentary feeding), (IL) wholly artificially 
fed from 4 weeks onwards, and (III) par- 
tially breast fed. They have usually found 
that the mortality and morbidity figures 
in this third, mixed group fall conveniently 
somewhere between the two extremes. A 
few authors, however, report peculiarities 
specific to this group, revealed by monthly 
or tri-monthly examination. 

Stewart and Westropp (1953) reported a 
much higher morbidity risk during the 
weaning period (from breast to bottle), 
especially in gastro-intestinal disturbances 
ai! especially if weaning occurred late 
(in the 6th month). 

Orkney (1946) found in a district of 
Calcutta that the partly breast fed had 
th lowest mortality during the period 
fr. n 9 to 12 months of life. This was in a 
community where the mothers’ nutrition 
ai | also the hygiene of artificial feeding 
ws poor. Her conclusion contrasts stran- 
gy with more recent studies by Wel- 
) wn (1954) in Uganda, and others in 
si ilar, poorly nourished communities, 
\ ich have shown a marked increase in 
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the incidence of deficiency and infectious 
disease during the weaning period. This 
must be explained by differing local con- 
ditions. Finally Mannheimer (1954) in 
Stockholm found the mortality risk to be 
lowest among partly breast-fed infants in 
the second and third trimesters of life. 
These figures he found impossible to ex- 
plain. 


(b) The Long-term Effect of Breast Feeding 


One or two workers claim to have de- 
monstrated by study of monthly statistics 
a prolonging of the lowered morbidity of 
the breast fed after the cessation of breast 
feeding. Woodbury (1922), in a careful 
study of monthly mortality statistics in 
America, stated that monthly death rates 
were higher among the artificially fed than 
among the exclusively breast fed, and this 
difference was proportional to the previous 
duration of artificial feeding up to the 9th 
month. This protective influence cf breast 
feeding over the subsequent course of the 
infant’s career has been suggested by other 
authors, rather in respect of development 
than morbidity rates. Hoefer and Hardy 
(1929), analysed the infant-feeding histo- 
ries of 383 elementary school children 
from the ages of 7-13, and correlated the 
subsequent general health and suscepti- 
bility to infection to the duration of breast 
feeding. Except for the prolonged-breast- 
feeding group (10-20 months), they con- 
cluded that the breast-fed infants were 
healthier, with the 
wholly artificially fed. A retrospective 


less infection than 
study of this kind may be grossly biassed 
and, thus, has been viewed with much 
scepsis. A similar doubt must be enter- 
tained about Douglas’s note (1950) that 
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breast feeding during the early months 
conferred an immunity to measles that 
persisted throughout the 2nd year of life. 
Robinson (1940) stated that the antirachi- 
tic effect of breast milk which had been 
noted in a control group of breast-fed 
babies (in a comparison with bottle-fed 
groups) persisted for months after wean- 
ing. This was also suggested by Andersen, 
Rothe-Meyer, and Tudvad (1949). 


(c) Specific Morbidity Figures 


The general fall in the mortality and 
morbidity rates, and the decrease in the 
difference between the rates associated 
with artificial and breast feeding, are re- 
lated in two respects. Firstly, increasing 
hygiene has eliminated the main danger 
of artificial feeding, that of infection. 
Secondly, increasing knowledge of nutri- 
tional requirements has greatly reduced 
the incidence of the deficiency diseases 
which were more frequent in the artifici- 
ally fed. 

Whereas infections and deficiency di- 
sease have been decreasing, the incidence 
of ‘allergic’ disease has shown a relative 
increase. Since a large pruportion of so- 
called allergic conditions have been attri- 
buted to ingested proteins, including cow’s 
milk, this form of morbidity now merits 
consideration in any nutritional survey. 

In most of the papers dealing with the 
mortality and morbidity figures in con- 
nexion with feeding, the incidence of na- 
med disease is also included. 


INFECTIONS 

These comprise three main groups, na- 
mely, infantile diarrhoea, respiratory in- 
fections, and virus infections. 
Infantile diarrhoea. Until recently this 
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was the chief offender in the high mor)i- 
dity and mortality of artificially-fed n- 
fants. In studies on infantile diarrho«a, 
both the incidence and severity of the cvn- 
dition have been considerably hig ver 
among the bottle fed than in the bre ist 
fed. (Smellie, 1939; Gairdner, 1945; May es, 
1947; Prince, Gastonia, and Bruce, 1! {8: 
Ylpp6, Hallman, Donner, Louhivuori, Ne- 
vanlinna, and Yliruokainen, 1950). 

The same .is true of respiratory injec- 
tions. The incidence of these is higher in 
the artificially fed during the first 6 
months of life in all series. Even in most 
series in which the difference between 
breast and artificial feeding is minimum, 
it has nonetheless existed (Stevenson, 
1947; Stewart and Westropp, 1953). 

Specific virus infections, e.g. measles, 
have also been reported as less frequent 
in the breast-fed infant (Douglas, 1950); 
Joensen, 1954), but opinions vary (Atkins. 
1958). 

Under conditions of unsatisfactory liy- 
giene, with increased opportunity for milk 
contamination, the higher incidence of 
these infections, particularly gastro-in- 
testinal, in the artificially fed, have clearly 
had little to do with the ingredients of ‘he 
milks themselves. Recently, however. a 
considerable amount of work has been 
done to establish whether breast milk 
exerts a specific protecting influe: ce 
against infection, and particularly re-»i- 
ratory infection. 

The possible protection afforded by br: «st 
milk has been investigated along the follow 1g 
assumptions, 

(1) that breast milk contains anti 0- 
dies which can be utilized by the infa ‘t, 

(II) that breast milk contains a 


bacterial and anti-viral properties 
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ifferent nature and active particularly 
yainst gastro-intestinal infections, 

(III) that the structure and propor- 
‘ions of the proteins and amino acids 
in human milk are best adapted for the 
~ynthesis of antibodies by the infant. 


|. Human colostrum contains various 
antibodies, but their concentration is low 
from the start, and they decline rapidly 
during the first few days after birth (cf. 
Nordbring, 1957). 

Available data indicate that the capa- 
city of the gastro-intestinal tract of the 
newborn infant to absorb antibodies is 
very limited. Vahlquist and Hd6gstedt 
(1949) found absorption of homologous 
diphtheria antitoxin given orally to neo- 
nates within 24 hours of birth to be usually 
less than 0.1 %. In older infants the results 
of antibody administration were almost 
completely negative. Brown, quoted by 
Holt (1955), found no absorption at all in 
a group of infants given diphtheria anti- 
toxin by mouth within 6 hours of birth. 

In a recent study by Du Pan, Scheid- 
egecr, Wenger, Koechli and Roux (1959) 
absorption of only minute quantities of 
tagved gamma globulin was noted after 
ora! administration to 9 infants aged | 
day -2 months. 

‘hese results do not conflict with the 
well-known fact that antigen-antibody 
rea tions may be elicited by oral admin- 
ist'ation of antigen of protein nature (cf. 
Re‘ner and Gruehl, 1935), or with the 
de: ionstration, by immunochemical meth- 
od . Gf absorption of heterologous pro- 
te s (Gruskay and Cooke, 1955), since in 
eit er circumstance no proof is available 
of more than minute absorption of unal- 
te -d protein. The recent observation by 
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Dobias, Ballé, and Keményvari (1957) of 
higher levels of staphylococcus-6-anti- 
toxin in the serum of infants fed on homo- 
logous colostrum and milk is apparently 
conflicting, but deserves further study. 
The newborn child has a gamma-globulin 
level which is slightly higher than that in 
the mother’s blood, and shows a rich 
pattern of antibodies, all transferred in 
utero via the placenta (cf. Vahlquist, 
1958). It should be noted, however, that 
there are both quantitative and qualitative 
differences between the bloods of mother 
and child. Immuno-electrophoresis has 
shown (v. Muralt, 1959; Karte, 1959) that 
the beta-2 A beta-2 M_ globulin 
fractions are virtually absent from cord 
blood, and the same is true also of some 
types of antibodies (eg. typhoid O, and 
localized to 


and 


iso-agglutinins) which are 
these fractions, and of properdin. In human 
colostrum beta-2 A and beta-2M globulins 
and many other immune protein fractions 
are found, and in mature milk beta-2 A 
globulin is present. It would have been 
tempting to assume that the supply of 
these special fractions to the infant is safe- 
guarded by giving homologous milk pro- 
ducts, but the data so far available do 
not support this. The time-sequence for 
the appearance of the two immuno-electro- 
phoretic fractions is evidently independent 
of whether or not the child has ever recei- 
ved homologous colostrum and milk, the 
typical lines beginning to appear in full- 
term children between the 8th and 12th 
days of life in both groups (Karte, loc. 
cit.) ; 
is the same irrespective of the type of 


and the serum-complement pattern 


feeding (Térék and Szemere, (1959). 
To sum up, the situation in man is in 
striking contrast to that in many animal 
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species, in which there is massive absorp- 
tion of antibodies from the dam’s colos- 
trum. The human infant obviously de- 


pends for its supply of specific antibody 
during the first period of life completely or 


almost completely upon placental transfer 
in utero. 

If. Antibacterial properties have been 
(Dold, Wizemann 
Kleinen, 1937), but these are non-specific 


found in milk and 
to human milk, and are found in cow’s 
milk as well. Sabin (1950) found an anti- 
poliomyelitic factor in human milk, pro- 
bably not of antibody nature, which was 
only detected in very few of the specimens 
of cow’s milk examined. 

Much work has been done on the obser- 
vation that breast-fed infants’ stools con- 
tain an almost pure lactobacillary flora. 
Gyorgy (1953) found a growth factor for 
L. bifidus (Penn.) specific to human milk, 
and Ross and Dawes (1954) concluded 
from experiments that the low pH of 
stools of breast-fed infants possibly com- 
bined with an increased concentration of 
formic acid to discourage the growth of 
E. coli, thus preserving a lactobacillary 
flora. They suggested that human milk 
contained a factor (possibly identical with 
Gyoérgy’s factor) necessary for the main- 
tenance of an acid pH and a lactobacillary 
flora. 

Killander (1958) has reviewed the recent 
work on the isolation and identification of 
‘bifidus factors’ found in human breast 
milk. A number of factors have been found, 
and one or two synthesized, which, when 
added to a cow’s-milk mixture, can pro- 
duce a lactobacillary flora in the infant’s 
stools. The significance of this is not known. 

Iii. Human milk may contain proteins 
and amino acids in the proportions and 
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structures which are optimum for abso: p- 
tion and subsequent metabolism into s)e- 
cific antibody substances. Studies hi: ve 
been made on the electrophoresis of {he 
serum of breast- and bottle-fed infar ts, 
and no differences have been observed 
(Crosse et al., 1954; Hassan and Gunth-r, 
1958). Immuno-electrophoresis provide~ a 
new means of comparing the effect of dif- 
ferent types of feeding, but so far no 
detailed investigation has been reported. 

In experiments on twin lambs and kis, 
Oberg and Mellander (1955) observed that 
the antibody response following immuni- 
zation with influenza A was influenced hy 
the type of milk upon which the young 
animals were fed, and was greater when 
homologous milk was used than with hete- 
rologous. In the case of another type of 
antigen, diphtheria toxoid, a less striking 
difference was noted. As far as is known, 
no similar experiments have previously 
been carried out in man. 


DEFICIENCY DISEASE 
Vitamin deficiency 

Rickets. In temperate zones, where -e- 
vere malnutrition is rare, the most im- 
portant deficiency which has been stud ed 
clinically in relation to breast and art'ti- 
cial feeding is rickets. 

In most comparisons of breast and ai ti- 
ficial feeding, each feeding group has }: en 
supplemented with vitamins A, C, and D, 
and no attempt made to assess the relat ve 
deficiencies of these factors. In those + ‘u- 
dies in which an incidence of ricket: is 
reported, the weight of evidence is t at 
the condition is commoner in the art fi- 
cially fed (Williams and Kastler, 1° 4; 
Andersen et al., 1949; Joensen, 1954; Cre -se 


et al., 1954; Bharucha, 1956). Ro! n- 
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(1940) reported a comparison be- 
tween human milk and different modi- 
fications of cow’s milk, and the effective- 
ness of anti-rachitic treatment in 240 in- 
fants. The incidence of rachitic changes in 


son 


radiological studies of the bones was esti- 
mated. The breast-fed infants were found 
to need less added vitamin D to protect 
them completely against rickets than the 
artificially fed. von Sydow (1946) studied 
the development of rickets in premature 
infants. Although he found no difference 
in the radiological evidence in the breast or 
artificially fed, he discovered in those cases 
with radiological signs, biochemical chan- 
ges suggestive of incipient rickets more 
commonly in the breast fed than the arti- 
ficially fed. This may show, as he says, 
that the phosphorus requirements of the 
premature infant are not satisfied when 
human milk alone is given, and the cal- 
cium requirements are met only if vitamin 
D is supplied. 

Vitamin A deficiency in the form of acute 
infantile keratomalacia has been found 
in the tropics in both breast and artifi- 
cially fed infants as a reflection of the gener - 
al nutritional deficiency of the population. 

Concerning thiamine deficiency, Jelliffe 
(1955) writes, ‘Infantile beri-beri is the 
only grave form of malnutrition which 
occurs commonly and indeed typically in 
infants receiving mother’s milk in ade- 
quae amounts, being entirely due to a 
thi» mine-deficient maternal diet during 
pre-nancy and lactation with consequent 
ina ‘equate neonatal stores and very low 
nin levels in the breast milk.’ 
yridoxine deficiency has been noted 
ntly as a cause of convulsions in in- 
‘vy. Bessey, Adam, and Hansen (1957), 
In ssessing the requirement of pyridoxine, 
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described the condition as occurring most 
commonly in infants fed a pyridoxine- 
deficient, powdered-milk preparation, but 
they included two breast-fed cases, in one 
of which the breast milk was found to con- 
tain a very low level of pyridoxine. 

Megaloblastic anaemia of infancy has 
been reviewed by Zuelzer and Rutzky 
(1953). It appears to arise from a complex 
deficiency in which vitamin B,,, folic acid, 
citrovorum factor, and vitamin C may all 
be involved. They concluded that the condi- 
tion was most commonly found in infants 
between 6 and 14 months on a more or 
less limited milk diet, including occasion- 
ally breast milk; its occurrence in infants 
fed exclusively on goat’s milk has been 
recognized for some time. 

Breast-fed infants have been shown to 
have a higher level of vitamin C in their 
serum (Snelling, 1939; Dann, 1942). Sinkko 
(1937) in Finland found an inverse rela- 
tionship between the level of vitamin C in 
the mothers’ milk and the morbidity and 
mortality of infants. The vitamin C con- 
tent is highest in the summer months, 
when the mortality and morbidity are 
lowest. Whether this relationship is causal 
is not certain. 

No studies on the comparison of clinical 
vitamin C deficiency in the breast fed and 
artificially fed could be found, though 
subclinical scurvy has been described in 
breast-fed infants in India (Bharucha, 
1956), and certainly occurs among the arti- 
ficially fed. The possibility of subclinical 
deficiency as a factor in susceptibility to 
infection has been mentioned. The wide- 
spread practice of giving infants supple- 
mentary vitamin C has made controlled 
studies of its significance in the two feed- 
ing groups very difficult. 
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Mineral deficiency 


Iron deficiency. The only mineral which 
is in short supply in both human and 
cow's milk is iron. Even when brought up 
under the best conditions, infants regu- 
larly pass through a period with successive 
diminution and finally almost complete 
exhaustion of the iron reserves, from the 
age of 6 months onwards during the first 
few vears of life (ef. Hagberg, 1953; Smith, 
Rosello, Say, and Yeya, 1955). 

Some data indicate (Feuillen, 1954) that 
iron is utilized more fully from milk than 
from other nutrients, but others have 
failed to corroborate these findings (Schultz 
and Smith, 1958). Since the milk mixtures 
used to-day often contain considerably 
more iron than the human milk (see Chap- 
ter II), there seems to be no good reason 
why the bottle-fed baby should be more 
prone to develop anaemia than the baby 
fed at the breast. 

In babies born at term and reared under 
good conditions according to modern con- 
cepts of nutrition, the iron-deficiency state 
gives rise to frank anaemia only in rare 
cases. The appallingly high incidence of 
iron deficiency anaemia in children in 
tropical and subtropical countries is due 
to many factors including gross iron defi- 
ciency in the diet over a long period, and 
often intestinal blood loss owing to in- 
festation with hookworm. 


In this connexion it is appropriate to 
say a few words concerning other clinical 
forms of grave deficiency. In most tem- 
perate countries such maladies have been 
more or less completely eradicated. In the 
tropics and subtropics, however, single and 
multiple deficiencies are still probably the 
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greatest cause of disease and death du. ing 
the first year of life. Jelliffe (1955) has 
reviewed this whole question, which 
a topic of an entirely different magni: \de 
and structure to that which has been «on- 
sidered in this review. The following qu »ta- 
tion from his paper concerning the extre- 
mely grave deficiency disease, kwas) ior- 
kor, may be justified. This condition is a 
manifestation of protein deficiency w ich 
is still widespread in tropical countries. 
‘In the prevention of kwashiorkor ... pro- 
longed breast feeding through the first 
two years of life is undoubtedly a measure 
of the greatest importance and value. 
Jelliffe expands this statement a little 
more in noting Orkney’s experience in 
Calcutta (already quoted), where she found 
that, though the artificially fed had the 
highest morbidity and mortality rates, in- 
fants still fed on the breast alone after 9 
months became ‘breast starved’, and 
showed a morbidity and mortality greater 
than those who were only partially breast 
fed. He states that, ‘during the first six 
months, breast milk should form the sole 
or main food of tropical infants, wile 
after this prolonged breast feeding should 
serve as a vital protein supplement to 
other foods’. 


‘ALLERGIC’ CONDITIONS 

No conclusion regarding the import: ‘ice 
of cow’s milk in the production of t ese 
states has been reached. However, the 
significance which some workers hav: re- 
cently attached to the matter mak: . it 
necessary to consider this aspect of m« ‘bi- 
dity in connexion with the subject wu: ler 
This 
mainly on the absence of any clearly e- 
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pected cases of cow’s-milk allergy, and the 
reliance which has thus to be placed for 
diaynosis upon the clinical observation of 
the effect of withdrawal of cow’s milk on 
the symptoms, a factor which is so liable 
to bias. Thus facts are as scarce in this 
problem as opinions are numerous. 

Figures for the frequency of cow’s-milk 
allergy in paediatric practice vary from 
0.3°  (Collins-Williams, 1956) to 7% and 
over (Randolph, 1948; Clein, 1954). The 
importance which is ascribed to cow’s milk 
in the production of allergic conditions 
in America is reflected in the work of 
Glaser and Johnstone (1953), who lay 
emphasis on the total elimination of cow’s 
milk from the diet of all ‘allergic’ or “‘poten- 
tially allergic’ infants (the latter signifying 
all infants with a strong family history of 
‘allergy’). The study upon which their 
conclusions are based has been rightly 
subjected to considerable criticism over 
the method of selection of the control 
groups (Lowell and Schiller, 1954), and 
has not, as far as is known, been repeated. 
In Kurope, much less significance has been 
ascribed to cow’s-milk allergy, and the 
literature consists almost entirely of iso- 
lated reports of acute anaphylactic reac- 
tions. Reviews have been published by 
Vendel (1948) and very recently by Stan- 
field (1959). 

I), comparisons of the morbidity of in- 
fans. breast- or bottle-fed, mention is 
sel’om made of the incidence of ‘allergic’ 
irulee and Sanford (1936), in a 
declared the 
‘ec-oma’ to be seven times higher in the 
art ‘icially fed than in the breast fed. This 
ha not been the experience of subsequent 
au ors. Edgren (1942) in a series of 295 
ec matous infants found no difference in 


disease. 


larve series, incidence of 
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the incidence of the two feeding methods, 
and in addition that the time of onset of 
the eczema was not affected by the type 
of feeding. Joensen (1954) found no rela- 
tionship between eczematous skin disease 
and feeding until the second 6 months of 
life, when he noticed a declining frequency 
in the wholly breast fed. This he admitted 
was probably influenced by other factors 
as well, particularly the general care of 
the infant, which may well have influenced 
Grulee and Sanford’s figures also. 

Allergic conditions may be more fre- 
quent among infants fed on cow’s milk, 
but the comparisons thus far documented 
either show that this difference is insigni- 
ficant or are too uncritical to be accepted 
without further evidence. 


Conclusion 


The most noteworthy work on the com- 
parison of breast and artificial feeding 
with respect to mortality and morbidity 
has been reviewed. The comparison is 
by no means simple, for there are many 
factors which may influence both the in- 
cidence of breast and artificial feeding and 
the mortality and morbidity. Social con- 
ditions, size of family, position in the 
family, initial feeding difficulties, congen- 
ital abnormalities, and individual consti- 
tutional differences are some of the more 
obvious of these. Furthermore, morbidity 
itself may affect the incidence of breast 
feeding; the reaction of some mothers to 
the mildest indisposition of the infant is 
to wean him from the breast. 

There has been no space to detail the 
attempts of each investigation to observe 
or control these factors, either by side 
inquiries into the incidence of breast feed- 
ing and of morbidity in relation to each 
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of them, or by elimination of as many as 
possible in the study of much smaller 
groups in which more controls and fewer 
variables enter (Jochims, Sager, and Ebel, 
1953; von Sydow and Faxén, 1954). 

It is concluded that the mortality and 
morbidity rates in infants reared under less 
than optimum conditions favour the breast 
fed. This is largely due to the opportunity 
for infection transferred to the milk or to 
the infant during artificial feeding, and, 
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artificial milk mixtures. 

Closer scrutiny in recent studies, «ar- 
ried out under the best available condi- 
tions, still shows some slight increas: in 
incidence of infection, proneness to cefi- 
ciency disease, and possibly a greater risk 
of allergy in the artificially-fed, compared 
with the breast-fed infant. This difference 
is in most investigations limited to the first 
three months of life. 


2. Comparison of Development as Measured by Weight, Height, Ossifi- 


cation Centres, and Tooth Development 


At the same time as gross impairment 
of health 


interest has been shown in comparisons of 


has been studied, increasing 


the nutritional value of breast milk and 
cow's milk as measured firstly by weight 
and height, and more recently by other 
standards of development. 


Weight 


One of the first studies on weight gain 
in the two feeding groups was done by 
Hojer (1926) in Stockholm. This was a 
cross-sectional survey of normal infants, 
about 50 in each month. The graph showed 
that those reared on cow's milk showed a 
lower initial gain, but then remained par- 
allel to. but slightly below, the breast fed 
for 6 months. 

Since then, a number of workers have 
found that breast-fed infants gain more 
weight during the first 6 months than do 
the bottle-fed (Hoefer and Hardy, 1929; 
Williams and Kastler, 1934; Ford, 1949; 
Gyllensward, 1953; Crosse et al., 1954). In 


more prolonged periods of study to | 


year, some authors have shown that ar- 
tificially-fed infants overtake the breast- 
fed infants at about 3 months (Faber and 
Sutton, 1930), or 


(Glazier, 1930; Joensen, 1954), to become 


at about 6 months 
on an average heavier than the breast fed 
at the end of one year. 

Some workers have found no differeice 
in the weight gains during the first six 
months (Broman, Dahlberg, and Lichten- 
1942; 1953; 1958; 
Mannheimer, 1954; Thomson, 1955; Gross 


stein, Paiva, Sinios, 
and Moses, 1956), though Paiva, follow ing 
up his small series of breast-fed infa»its. 
found that the 50 percentile fell beiow 
the 50 percentile of standard weight cur- 
ves after the fifth month (by which t'me 
the vast majority of infants making up 
the 
cially fed). 


standard weight curves were ar’ 


Isolated weights have been recordec in 
larger series at 6 months, 1 year, an 2 
years of age. Stewart and Westropp (1! »3) 
found the average weight of 580 nor :al 
infants to be greater in the artificially cd 
both at 6 months and 1 year. Dou; as 


in the past, to the use of poor-quai ty, 
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(1:50), in 4669 infants followed up at 2 
years, found the average weight of the 
wholly artificially fed to be greater than 
that of the predominantly breast fed. 

\t this point mention only will be made 
of the number of studies comparing the 
weight curves of premature infants fed on 
different types of milk during the first 
few weeks of life. It is clear from these 
studies that gain in weight is greater in 
premature infants fed on cow’s milk than 
in those fed on breast milk (Magnusson, 
1945; Gordon, 
1947; Rothe-Meyer, 1949; Crosse et al., 
1954; Kagan, Hess, Lundeen, Shafer, 
Parker, and Stigall, 1955). Most of this 
difference between the groups has been 
attributed to the greater ash content of 


Levine, and McNamara, 


the cow’s milk, producing a larger obli- 
gatory water content in the infant (Kagan 
et al., 1955). This is only applicable to pre- 
mature infants during the first month of 
life, whose kidney function is immature. 


Height 


Measurement of height has been less 
often studied. Hoefer and Hardy (1929) 
in a retrospective study of 383 Chicago 
school children mentioned that there was 
no difference in the subsequent heights of 
breast- and bottle-fed 
als) the experience of Williams and Kast- 
lev (1934) in a small series in New Orleans. 
Bioman et al. (1942), in a study on child 
wth in Stockholm, stated that no cor- 


infants. This was 


re ition could be shown between the 
le th of the nursing period and the height 
a’ | weight after one year. Paiva (1953) 
ti ind that the 50 percentile for height in 


h . small series of breast-fed infants fol- 
i ved the standard height channel until 


the fifth month, after which, with the 
weight, the height fell away in the 6th 
month. 


Development of Ossification Centres 


Bone development is seldom mentioned 
in the literature on this subject, except 
where the incidence of rickets is discussed. 
Stewart and Westropp (1953) studied the 
bone development as estimated by the 
number of ossification centres in the hand, 
and by vague reference to the size of the 
fontanelle at 1 year in 580 normal infants. 
They could discover no relationship bet- 
ween these measurements and the type of 


feeding. 


Tooth Development 


As regards tooth development, observa- 
tions have been commoner, since no spe- 
cial equipment is required. Durand (1916) 
referred to the work of Seagrave, who exa- 
mined the state of the teeth in 2000 children 
from 2 to 7 years old, and related this to 
the diet during the first six months of life. 
There were no differences in dental health 
or development between children fed on 
breast milk and cow’s milk, though a high 
incidence of caries was found among those 
children who had been fed on sweetened 
evaporated milk. Durand himself con- 
firmed these observations in a study of 600 
further cases. Hoefer and Hardy (1929) in 
a retrospective study of some 400 school 
children in Chicago stated that dentition 
had commenced earliest in the group of 
infants breast fed for 4 to 9 months. 

In the same work in which they exa- 
mined bone development, Stewart and 
Westropp (1953) counted the number of 
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teeth present at one year of age, and con- 
cluded that this was equal in the two 
feeding groups. Joensen (1954) found no 
difference in the number of teeth present 
in breast- and bottle-fed infants. 


In conclusion, the weight of the artifi- 
cially-fed infant is usually initially slightly 
lower than that of his breast-fed fellow; 
between the 3rd and 6th month this small 
difference is obliterated by an increasing 
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gain in weight by the artificially-fed_in- 
fant, which results in his being the hea, ier 
at one year, and this may still be evid -nt 
at 2 years. 

As regards height, less is known. Gains 
are about equal, but there is a tendeicy 
for the breast-fed infant to gain less t!an 
the artificially-fed after the first 
months of life. Few data are available con- 


cerning the development of osseous cvn- 
tres in different feeding groups. 


3. Comparison of Nutritional Status as Assessed by Blood Chemistry 


(a) Serum Proteins. The serum protein 
levels have been studied mainly with 
regard to the premature infant in com- 
parisons of breast milk and high protein 
milk feeding (cow’s milk, skimmed citric 
acid milk, casein hydrolysate-enriched 
breast milk). 

Rothe-Meyer (1949) found a higher level 
of total serum protein in premature infants 
fed on protein-enriched breast milk in the 
first month of life. This correlated with 
the greater weight gain in these infants 
already demonstrated by Magnusson (1945) 
and confirmed by many others. 

Crosse et al. (1954) could find no signifi- 
cant differences in levels of proteins, both 
total and separated electrophoretically, in 
the bottle-fed 
premature infants during the first few 
months of life. 


serum of breast-fed and 


Yoshida (1955) studied a group of in- 
fants who were breast fed by mothers who 
showed evidence of clinical malnutrition 
with lowered serum albumin and raised 
He 


though the infants showed no clinical ma- 


globulin fractions. reported that, 


nifestations of nutritional dystrophy, the 


electrophoretic patterns tended to re- 
semble those occurring in infants with 
clinical malnutrition. The total serum pro- 
tein levels remained normal. The work 
suggests that the composition of breast 
milk 
maternal malnutrition. 

Hassan and Gunther (1958) measured 


the total serum protein and the electyo- 


may be affected in conditions of 


phoretic components at 6 months of ave 
in a small series (28) of breast-fed and arti- 
ficially-fed, full-term infants and found 10 
observable differences. 

(b) Blood urea levels were studied >y 
Rothe-Meyer (1949). He found that pre- 
mature infants on breast milk shoved 
lower average levels than those on hivh- 
protein milk. 

(c) Blood lipids. As knowledge on nu’ 'i- 
tion expands, it is to be expected t! at 
other substances will have to be conside: d 
both as regards their blood levels «# id 
their metabolism in different feeding »°- 
gimes. Recently an increasing interest | is 
been paid to cholesterol and lipoprotei s. 
particularly in respect to dietary influ: - 
ces on their level in the blood, and 1 :e 
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equent development of atherosclero- 
hough extensive work has been done 
he blood levels of these substances in 
infuuts, including the effect of adding to, 
or subtracting from, their diet various 


st 


= 


sis. 


on 


fatty constituents, few specific investiga- 
tiols into comparison of the levels in the 
breast and artificially fed have been per- 
formed. Pruna (1956) quoted two other 
Italian workers, Pinna and Marini (1953), 
as having found a slightly lower mean 
cholesterol level in the artificially-fed in- 
fant, but could demonstrate no significant 
differences in his own estimation of the 
cholesterol and fatty acid values in 20 
breast-fed and 20 artificially-fed infants 
aged from one to twelve months. More 
work in this field is to be expected. 

(d) Vitamin C levels have been studied 
in breast- and bottle-fed infants, and found 
to be higher on the average in the breast- 
fed (Snelling, 1939; Dann, 1942). This may 
occur even on equal intakes of vitamin C 
(Dann). Their figures appear to be signi- 
ficant. 

(¢) Serum sodium and potassium. A 
number of flame-photometric investiga- 
tions have been carried out on these met- 
als during recent years, e.g. those of Gyl- 
lenswird and Josephsson (1957). The nor- 
mal values given by different authors have 
shown considerable variations, which to 
some extent can only be explained by 
analytical difficulties. No classification ac- 
coring to the mode of rearing appears to 
been undertaken. 

Serum calcium, phosphorus, and alka- 
linv phosphatase. There are conflicting re- 
s in the literature on these levels. 
Th : is in part due to the fact that the 
stu lies have been made on infants already 
rec iving vitamin D. They are therefore 


ha’ 


po 


25 


measurements of the effect of vitamin D 
on breast- or bottle-fed infants, and are 
dependent also on the faithfulness with 
which the infant is given and takes his 
dose. 

Williams and Kastler (1934) were the 
first to mention calcium and phosphorus 
levels in a series of 60 entirely artificially- 
fed infants—they did not mention whether 
vitamin D was given or not. They gave 
average levels at three and six months. 

Gyllensward and Josephsson (1957) de- 
termined serum calcium at three, six, nine, 
and twelve months of age. The number of 
analyses, however, was too small to permit 
comparison between the groups. 

von Sydow (1946) investigated carefully 
the blood levels of calcium, phosphorus, 
and alkaline phosphatase in a series of 
breast-fed and bottle-fed premature in- 
fants (below 2,000 g. birth weight) with and 
without added vitamin D. He compared 
his results with a series of full-term, 
healthy, breast-fed infants who were re- 
ceiving an ample supply of vitamin D 
(daily dose from October to May of 1000- 
1500 I.U.). He found that levels of alkaline 
phosphatase were higher, and those of 
calcium and phosphorus lower in the 
breast-fed premature, particularly in those 
who did not receive vitamin D. The only 
group of infants who showed values simi- 
lar to the full-term series consisted of the 
cow-milk-fed prematures who received an 
addition of vitamin D. It is doubtful, 
however, whether blood levels of calcium, 
phosphorus, and alkaline phosphatase 
should be assumed to be physiologically 
similar in the premature, and in the full- 
term infant given vitamin D. 

von Sydow’s findings have been recently 
confirmed by Eek, Gabrielsen, and Halvar- 
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sen (1957), who studied 69 premature in- 
fants all receiving vitamin D from the 
fourth day of life, and found a tendency 
towards rachitic blood levels of calcium, 
phosphorus, and alkaline phosphatase more 
marked in the breast-milk-fed infants. 

(y) Serum iron and iron-binding protein. 


The serum iron and iron-binding protein 
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show considerable, normal variations «.\ir- 
ing the first year of life (Vahlquist, | +1; 
Smith, Schulman, and Morgenthau, |. 32: 
Hagberg, 1953). According to the ». |a- 
tively scanty data at hand, there is no (if- 
ference with regard to serum iron betwen 
breast-fed and bottle-fed infants (Mo!ler 
and Vahlquist, 1946). 


4. Comparison of Metabolic Studies 


This will be no more than a brief sum- 
mary of the present position. These studies 
are mainly in the nature of balance stu- 
dies, a large number of which have been 
done on the premature and full-term new- 
born infant with regard to the various 
constituents of the diet. 

More recently the wider use of isotopes 
in. the labelling of various dietary consti- 
tuents has opened further possibilities in 
the investigation of their absorption and 
metabolism in different feeding regimes. 
These studies may help to elucidate many 
of the problems which balance studies both 
produce and leave unsolved. 

Observations made on the premature 
infant differ somewhat from the full-term, 
probably on account of the immaturity cf 
the absorptive, metabolic and excretory 
functions. The following remarks refer to 
the full-term infant unless the premature 


is specifically mentioned. 


Protein Metabolism 


Nitrogen retention based on the percen- 
tage ingested is better in the human-milk- 
fed infant than in the cow-milk-fed (Bar- 
ness, Baker, Guilbert, Torres, and Gyorgy, 


1957). However, the amount of nitrogen 


retained per unit weight on equicaloric 
diets is greater in the cow-milk-fed infants 
(Stearns, 1956). This greater nitrogen re- 
tention is not accompanied by any differ- 
ence in weight-gain, and must mean that 
the artificially-fed infants have a greater 
nitrogen-centent per kg  body-weight. 
Much earlier Rominger and Meyer (1!)31) 
in Germany demonstrated excess storage 
of nitrogen in infants reared on cow’s milk. 
By administrating ad libitum a feed con- 
taining 67 cal./100 ml. and 1.7% of pro- 
tein Fomon and May (1958) obtained 
retentions of nitrogen “‘as large as or 
greater than those of infants ingesting 
human milk ad libitum”’. It is still a matter 
of dispute what figure can be given ‘or 
the recommended daily allowance of }):0- 
tein in the case of infants reared 0) a 
cow’s-milk mixture (Holt, 1959; Gordon 
and Ganzon, 1959; Hill, 1959). 

In a discussion on this topic follow ng 
a paper by Fomon and May (1957). ( »r- 
don quoted his work with Levine 1 at 
there was certainly no evidence of «iv 
difference in relation of water balanc: to 
weight gain when comparing premat re 
infants fed human milk with infants od 
ordinary cow’s milk mixtures. Stee ns 
(1956) has shown that the amount of ¢) a- 
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tinine in the urine, a measure of muscle 
hu'i. was greater in the cow-milk-fed baby 
by a small average increment of 2-5 mg %. 

it has also been shown that nitrogen-re- 
tention is correlated to both the quantity 
and type of dietary fat, and to the carbo- 
hydrate content of the diet. 

Holt, Tidwell, Kirk, Cross and Neale 
(1935) and later Sdderhjelm (1952) have 
demonstrated a higher absorption of fat 
in the breast-milk-fed infant, which might 
indicate a higher fat content maintaining 
the weight increments. Further studies 
have been proposed on individual protein 
and amino-acid—nitrogen balances, as sug- 
gested by the work of Magnusson in prema- 
tures (1945), and the effect of other con- 
stituents in the diet on nitrogen balance, 
studied by Raéihaé (1956), who found that 
raising the carbohydrate content of the 
milk increased the nitrogen retention. This 
has heen confirmed by Cornely, Barness, 
and Gyérgy (1957), who found that addi- 
tion of lactose increased nitrogen retention. 

In the premature infant, high protein 
dicts are accompanied by an increase in 
weicht gain as well as increased nitrogen 
retention, This may be due to a greater 
protein content of the tissues. Levine and 
Gordon (1942) and Magnusson (1945) and 
other observers have found higher urea 
levels in the blood of these infants, and 
thi 


dic 


has been interpreted as a possible in- 
tion that the kidneys are under an 
inc:eased load. Levine and Gordon, howe- 
ver. found no difference in the water con- 
te: * in the premature on breast or cow’s 
ms. Whether the increase in weight gain 
hc» any advantage for the infant is still 
ui cnown. Thus far, the most important 
son for preferring the high protein diet 
the premature, which, cf course, can 
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be based on breast milk (Magnusson, 1945; 
Rothe-Meyer and Sandge, 1956), is the 
opportunity of being able to return the 
infant to the mother slightly sooner after 
birth. This increases the chances of suc- 
cessful establishment of breast feeding. 
According to Jagenburg (1959) the ex- 
cretion of urinary amino acids are essen- 
tially the same both in children fed human 
and cow’s milk. As, however, the nitrogen 
excretion is greater in children fed cow’s 
milk, the ratio amino-nitrogen to total 
nitrogen is greater in the urine of infants 
fed human milk. Furthermore, the excre- 
children fed 


given cow’s 


tion of taurine is greater in 
human milk than in those 
milk, whereas the excretion of all other 
amino acids is not significantly altered 
when in one and the same child the feed 


is changed from human to cow’s milk. 


Lipid Metabolism 


Fat balances have been done by a num- 
ber of investigators. Holt et al. (1935) found 
a greater absorption of fat in infants fed on 
human milk than on humanized cow’s milk, 
despite identical iodine numbers of the fat. 
Ocklitz (1955) and Guilbert, Baker, and 
Barness (1955), on the other hand, found 
no difference in the fat absorption in the 
two groups. In premature infants discrep- 
ancies have also occurred. Gordon and 
McNamara (1941) found poor absorption 
of fat in premature infants, and suggested 
that this might be a factor in the poorer 
weight-gain of premature infants fed iso- 
caloric quantities of breast milk with rela- 
tively high fat and low protein content 
than of partially skimmed cow’s milk 
with the reverse. Sdderhjelm (1952), on 


the other hand, demonstrated a more effi- 
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cient absorption of fat in the breast-fed 
premature, even with higher fat content, 
than in the cow-milk-fed. These were care- 
ful observations, and an explanation for 
the discrepancies has not yet been found. 
Breast 
siderably in the content of fat (Hytten, 


milk itself certainly varies con- 
1955) and also in the degree of saturation 
of the fat (Holt, 1955). (Cf. Chapter II). 

Hansen (1958) has demonstrated that 
dietary fat deficiency causes a marked 
increase in the calorie consumption per 
unit body-weight. Addition of linoleic acid 
to such a diet reduced the calorie require- 
ments per unit weight. This should there- 
fore explain why breast-fed infants can 
maintain satisfactory growth on the lower 
calorie intake than that of bottle-fed ba- 


bies. 


Carbohydrate Metabolism 


Reference has already been made to 
Raiha (1956) 
nitrogen retention and increased water 


who observed increased 
intake in infants on a high carbohydrate 
diet. Natelson, and 


(1948) described a more effective response 


Kramer, Sherman 


of blood sugar to lactose in human milk 


than in cow’s milk. 


Calcium and Phosphorus Metabolism 


The 
these two elements in human and cow’s 


marked difference in content of 
milk (see later) have naturally emphasized 
the problem of comparison of their meta- 
holism in the two feeding groups. Conflict - 
ing reports regarding the incidence of 
rickets, and the differences in blood levels 
have already been touched upon. This has 
been partly due to the complications in- 
troduced when various doses of vitamin 
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D have been used, partly to the diffe: ng 
notions of what constitutes the radiolog al 


picture of rickets, osteoporosis, and chan se 


in the growing ends of the bone, and pai tly 


to what have been regarded as norma! |e- 
vels of calcium, phosphorus, and alkaline 
phosphatase in the blood of the full-term 
and premature infant. 

Thus, to some investigators the cow- 
milk-fed baby has been regarded as su- 
Me 
1931; Gardner, Maclachlan, Pick, Terry, 
and Butler, 1950; Gittleman and Pincus, 
1951). They have shown a tendency to 


permineralized (Rominger and 


hyperphosphataemia and hypocalcaemia 
in the cow-milk-fed baby; and Gardner 
et al. reported a consistent increase in 
the size of the parathyroids in these in- 
fants, which he related to the high plios- 
phate intake. 

The majority of reports, however, veer 
towards the theory that the breast-fed 
infant, particularly the premature. re- 
ceives amounts of calcium and phosphorus 
which are sometimes insufficient for |iis 
needs. This is suggested not by an in- 
creased incidence of rickets, or by a «le- 
creased rate of growth, neither of which 
is found in the breast fed: the idea |\as 
rather developed from the study of blood 
levels, as has already been briefly m«n- 
tioned (von Sydow, 1946), and of bala:ice 
tests (Stearns, 1939; Benjamin, on 
and Marples, 1943; and others, discu~.ed 
by Jeans, 1950). The degree of utilizat on 
of calcium in cow’s milk was found to be 
greater than that in human milk, dex) te 
the lower intake in human milk. By © ‘i- 
mating the relative calcium content of 1¢ 
foetus and infant, Stearns showed that 1¢ 
breast-fed infant, particularly the prey 
ture, was not able to maintain his bi ‘h 
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percentage of calcium. Despite this, she 
fo.nd the cow-milk-fed baby ‘not. clini- 
cally as good a baby as the breast-fed 
infant’ (Stearns, 1956). 

the surface of the problem, thus skim- 
med. shows that much more must be 
learned of the normal physiology of the 
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metabolism of calcium and phosphorus. 
Though there seems to be such a differ- 
ence in the amounts of these two substan- 
ces ingested and retained in the breast-fed 
and artificially-fed infant, no certain clini- 
cal differences are evident in respect of 
growth and well-being in spite of this. 


5. Conclusion. The Concept of Optimum Nutrition 


In comparing two modes of feeding it 
is of advantage if behaviour under opti- 
mum nutrition is known. In early investi- 
gations. observers were content to com- 
pare infants fed on the two regimes di- 
rectly. This was felt to be satisfactory, for, 
in most studies, the breast-fed baby fared 
better in all standards measured, and was 
taken as being the best nourished. Soon it 
became clear that the development of a 
breast-fed baby did not necessarily move 
along the maximum-line in many stand- 
ards. Reports were received that the arti- 
ficallv-fed baby gained weight more rap- 
idly. cut more teeth, and possibly passed 
its milestones earlier than the breast-fed 
infant. This impression tended to be con- 
ied by metabolic balance studies, which 
showed that nitrogen and calcium were 
ined to a greater extent in the bottle- 
baby. Furthermore, if the increase of 
uterine levels of total body consti- 
tucnts was projected into extrauterine life, 
the course of the artificially-fed infant was 
fovnd to approximate this projection more 
cl-cly than the breast-fed, particularly 
wh regard to the premature. 

‘hese observations made it necessary 
t. attempt to define what constituted 
6) ‘imum nutrition. It cannot be assumed 


tl \t progression along, or most closely 


approaching, the projected intrauterine 
line of growth and development is neces- 
sarily the best standard for post-natal life. 
Periods of rest and activity, storage and 
utilization, are recognized and_ physio- 
logical. Nor can it be assumed that the 
maximum rate of development in any mea- 
surement is necessarily the most favour- 
able; this view would take no thought for 
the ultimate outcome. Furthermore, the 
development of the breast-fed infant can 
no longer be taken as being the most satis- 
factory, for the amount and also the 
quality of breast milk is affected by the 
mother’s nutrition and general condition, 
especially during the later months of 
breast feeding. 

The well-considered comments of Platt 
and Moncrieff (1947) are still valid to-day. 
Optimum nutrition cannot be judged by 
absence of clinically recognizable signs of 
malnutrition or necessarily by maximum 
rate of growth. The slow impairment of 
health, and the health and well-being into 
adult life must be observed and measured, 
often only by means of special investiga- 
tions. ‘The signs of optimal progress in de- 
velopment towards maturity may again 
be difficult to establish, both backward- 
ness and precociousness being sub-opti- 
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Criteria for such ‘optimal growth, de- 
velopment, and performance at maturity’ 
with which the nutritional and other me- 
rits of human and cow’s milk can be com- 
pared have not yet been established, and 
follow-up into adult life of the breast-fed 


and artificially-fed infant has not been 
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undertaken. The purpose of this rev ew 


has been to try to indicate the pres :nt 
position and the lines along which jew 
facts are emerging which will necessit.te 
continual reconsideration of old assuiip- 


tions. 
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CHAPTER II 


COMPARATIVE BIOCHEMISTRY OF HUMAN AND COW’S MILK 


by OLOF MELLANDER and BO VAHLQUIST 


The following account is not meant to 
present a full picture of the subject, but 
only to mark some of the recent advances. 

There is no food that in its composition 
is so closely adjusted to the requirements 
of any specific age-group as milk. Different 
species of animals show great differences 
in the rate of growth, and this is reflected 
in the composition of their milk. From a 
clinical point of view, it is the differences 
between human and cow’s milk that are 
of the greatest interest. Whereas in the 
past only very rough data have been 
available, we are now able to make more 
delicate comparisons of the two types of 
milk, since many formerly unknown and 
often highly important constituents have 
become demonstrable and accessible to 
quantitative estimation. 

Nonetheless, analytical techniques are 


still in many respects unsatisfactory. for 
instance, with regard to free peptides and 


certain carbohydrate components, and 
there is every reason to suppose that 


further, yet unknown constituents will 
later be defined. 


PROTEINS 


The total protein content of the mature 
milk of any species is related to the rate 
of growth of the young of that species, 
slow growth being matched by low protein 
content. The slowest rate of growth and 
the lowest milk protein content are en- 
countered in man. The casein content of 
i of that of 
cow's milk, but the whey-protein content, 
both 
Table 1 is based on our own values from 


breast milk is only about 
relative and absolute, is higher. 


samples of pooled milk. 


Protein composition of human and cow's milk. The percentage figures given 


are based on data from samples of pooled milk. 


Total protein 


Casein 

Total whey protein 
Serum albumin 
%-lactoglobulin 


«-lactalbumin 
Slowly-migrating components 
(including immunglobulin) 


Human milk Cow’s milk 


1.5 3.5 
ce. 0.5 3.0 
e. 1.0 0.5 
traces traces 
not yet demon- c. 0.2 
strated 
amount unknown ec. 
easily demon- insignificant 
strable amounts amounts 


| 
| 
| 
| 
| 


N % 
Human 14.43 0.44 
Bovine 15.24 0.83 


* The sulphur content of human 
lander, 1947.) 


Caseins. From a physico-chemical point 
of view casein may be said to constitute a 
complex protein system, no matter what 
its origin. On electrophoresis three com- 
(Mellander, 
1947). and still more can be detected by 


ponents are distinguished 
other techniques. In certain respects clear- 
cut differences exist. Cow’s-milk casein is 
easily separated from the whey proteins 
by iso-electric precipitation, but breast- 
milk casein forms a stable solution at iso- 
electric reaction. Owing to the difficulty 
of isolation, breast-milk casein has been 
subjected to considerably less comprehen- 
sive investigation than cow’s-milk casein. 
As Table 2, the two 


types of casein differ in some respects, 


can be seen from 
particularly in regard to the phosphorus 
content. 

Previously it was doubted that notable 
differences between caseins of different 
species could occur, partly because distinct 
antigenic differences had not been demon- 
strated between cow’s-milk and human- 
milk casein. The observations mentioned 
above show distinct differences, however, 
still 


when the problem is approached from the 


and these become more apparent 
biological aspect. The rate of enzymatic 
hydrolysis of cow’s-milk casein is conside- 
rably greater than that of breast-milk 
casein. This applies to both human and 
hovine enzymes. (Mellander, 1947). 

The only casein peptides that have been 
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TABLE 2. Comparison of elemental composition of human and bovine casein 


casein varies according to the method of preparation. 


S% N/P N/S 
0.73} 32.79 19.77 
0.79 18.36 19.29 


Mel. 


examined in any detail are the scrin- ¥ 


containing phosphorylated peptides ‘hat ) 
can be recovered after enzymatic or cid 
hydrolysis. A relatively greater part o! the 


molecule of breast-milk casein seems to be 


recoverable in the form of such peptides 


than of that of cow’s-milk casein. The ele- 
mental and amino-acid composition of 
these peptides is rather similar. heir 
most striking properties are their resistance 
to continued enzymatic hydrolysis, and } 
their ability to combine with metals such 
as calcium, iron, ete. For further informa- 
tion on this subject and additional refer- f 
ences see Mellander (1947, 1950), Oster- 
berg (1957, 1959). Bennich, Johans<on, 
and Osterberg (1959), ete. 


The possibility of competition bet. 


een 


no- 


different metals for the peptide-carrier 
lecule should particularly be borne in 1 ind 


in the light of the excessive intake of «al- 


cium and other metals that occurs during 
cow’s-milk feeding. Significant metals «ich 
as iron, copper, cobalt, etc. that are re- 
sent only in small quantities may be ° hus 
deprived of the possibility of combi: ing 


with a protein-residue. 

As can be seen from Table 3 (Job :ns- 
son and Svennerholm, 1956), conside: 
quantities of carbohydrate can be dei on- 
strated in casein prepared in the v ual 
manner. The difference in sialic-acid n- } 
tent is of special interest in this conne> on. 
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TabcE 3. Carbohydrate content of casein 

Hexosamine Hexose Sialic acid Total 
Hunan 1.32 1.98 0.76 4.03 
Bovine 0.18 0.24 0.39 0.80 


he whey proteins must still be regarded 


as largely uninvestigated, at any rate as 
far as human milk is concerned. It can be 
seen from Table 1 that at least two of 
the components isolated from whey are 
present in only one of the types of milk. 
g-lactoglobulin, which is present in fairly 
large quantities in cow’s-milk whey, and 
which can be obtained in crystalline form, 
has not so far been demonstrated in hu- 
man-milk whey. An iron-containing, red- 
coloured protein has been isolated from 
human milk after addition of iron. Cow’s 
milk seems to contain little or none of 
this substance (Johansson, 1958, and per- 
communication). Although both 
these proteins have been thoroughly in- 
vestigated chemically, and have been ob- 
tained in fairly pure form, nothing at all is 
known of their biological function. Both 
seem to be fully equipped with all the 
esselitial They 
perform specific functions, for example, 


sonal 


amino acids. probably 
in connexion with transportation of iron 
in the case of the red protein. 

Similarly the slowly migrating compo- 


nents of the whey are of great interest, 
since they undoubtedly contain immune 
glolilins. Whereas these components are 
pres-nt in large quantities in both human 
and bovine colostrum, of the mature prod- 
ucts only human milk contains signifi- 
cani quantities of such slowly migrating 
frac ions. 


| is highly interesting that proteins 
to be present in both human and 
bo\ ne whey that are identical with pro- 
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teins in serum. An albumin fraction iden- 
tical to serum albumin has been demon- 
strated by immunological technique in both 
cow’s milk (Peskett, 1932) and breast milk 
(Hansson and Johansson, 1959, Hansson 
1959). The latter authors also demon- 
strated the presence of y-globulin in 
human milk by means of an immunological 
technique. 

The protein content of colostrum is 
very much higher than that of mature 
milk, and may be as much as 17% in 
bovine and 15% in human colostrum. 
In both cases these high values are due to 
whey protein. A high content of immune 
globulins is found in both human and 
bovine colostrum; and in both an effec- 
tive trypsin inhibitor is present, though 
in lower concentrations in human colos- 


trum. 


CARBOHYDRATES 


It is significant that galactose and glu- 
cose, which are the break-down products 
of lactose, are absorbed much more quickly 
than other sugars (Table 4). 


TaBLE 4. The rates of absorption of cer- 
relative to that of 
glucose, per cent. 


tain monosaccharides, 


D-mannose 19 
D-xylose 15 
D-arabinose 9 


D-galactose 110 
D-glucose 100 
D-fructose 43 


Human milk contains much more lac- 
tose than does cow’s milk (7 % and 4.8 %, 
respectively). In addition, human milk 
contains considerable quantities of nitro- 
gen-containing (0.4%); 
cow’s milk contains no more than about 
1/100 of this amount. These last-named 
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sugars have acquired interest owing to the 
bifidus-promoting activity some of them 
have been found to possess (Gyérgy, 1953). 
This applies only to a particular type of 
micro-organism, however (L. bif. Penn.), 
and it is still uncertain to what extent 
they influence the development of the 
normal intestinal flora of the infant. Owing 
to the property of Lactobacillus bifidus of 
breaking down lactose into acetic acid and 
lactic acid, it is responsible for the acid 
reaction of the intestinal contents of breast- 
fed infants. This may affect the absorption 
of metals such as calcium (the complex- 
forming peptides above-mentioned are 
stable only in acid medium, which sup- 
presses the activity of alkaline phos- 
phatase), and may also interfere with the 
growth of many enteropathic organisms. 


Lipips 
The total lipid content of the milk 
varies considerably from one individual 
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to another, and even more from one p 
of nursing to another in the same mot ier, 

The composition of milk fat depend 
the diet of the mother. This seems t: he 
particularly true of human milk, and cras. 
tic changes in it can be brought about by 
altering the diet (Insull, Hirch, James. 
Ahrens, 1958). Under ordinary conditi 
with moderate variations in the diet, the 
fatty-acid pattern of the milk remains 
fairly constant. 

The milk fat of both species consists 
largely of triglycerides. Small amounts of 
cholesterol, phospho-lipids, and free fatty 
acids are found in both types of milk, but 
the fatty-acid composition of the lipids 
differs greatly between them. In_ par. 
ticular there should be noted the differ- 
ence in content of poly-unsaturated fatty 
acids, including the so-called essential 
fatty acids: this is low in cow’s-milk fat, 
but more considerable in that of breast 
milk (see Table 5). The nutritional signi- 


TABLE 5. Compartson of various organic, and inorganic components of human and 


cow’s milk. 


Constituent Hu- Constituent Constituent Hu- 
(Values per 100 man Cow’s (Valucs per 100 Human Cow’s (Values per 100 man _ (Cow's 
ml whole milk) milk milk ml whole milk) milk milk ml whole milk) milk milk 

Water g 88 87 Vitamin A mg _ 0.06 0.04 Sodium mg 15 8 
Proteins g 15 3.5 Vitamin B Potassium mg 55 188 
Carbohydrate g 7.0 4.8 Thiamine mg _ 0.016 0.042 Calcium mg 33 
Total lipids g 3.8 3.7 Riboflavin mg_ 0.043 0.157 Magnesium mg 4 3 
‘Essential Niacin mg 0.172 0.085 Tron mg 0.05- 1.04 
fatty acids’ g 0.35 0.10 Pyridoxine 0.06 
Ash g 0.21 0.72 group mg 0.011 0.048 Copper mg 0.04 1,03 
Pantothenic 
acid mg 0.196 0.350 Chlorine mg 43 3 
Folic acid 
group mg 0.0002 0.0002 Phosphorus mg 15 ) 
Choline mg 0.009 0.0013 Iodine mg 0.007 021 
Biotin mg 0.0004 0.0035 
Cobalamin mg _ trace 0.0006 
Vitamin C mg 4.3 1.8 
Vitamin D_ I.U. 0.4-10.0 0.3-4.0 
VitaminE mg 0.6 0.1 
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fic: ice of these fatty acids is still being 
int:nsively studied, and the effect of the 
diff-rence between the two types of milk 
upon the young infant cannot yet be as- 
sessed. In contrast to breast-milk fat, the 
co s-milk fat contains more short-chained 
fatty acids, which accounts for the cha- 
racieristie smell of butter, but probably 
has no biological significance. 


VITAMINS 

Milk is an important source of vitamins. 
Its content of these substances is strongly 
influenced by the diet, however, and it is 
therefore difficult to give any norm. Fur- 
thermore, in the case of cow’s milk, the 
concentration of certain vitamins can be- 
come greatly changed during preparation. 
Searing these reservations in mind, a 
comparison may be made of the vitamin 
concentrations of fresh human and cow’s 
milk (see Table 5). 


MINERAL SUBSTANCES 


One of the most striking differences 
between human and cow’s milk concerns 
the mineral composition. As with the pro- 
tein content, this may be assumed to be 
fundamentally bound up with the rate of 
growth of the young animal for which the 
is intended. 

In one respect, namely the iron content, 


mil! 


human and cow’s milk are fairly similar. 
Th: difference reported by earlier investi- 
gatcrs, who as a rule found a higher iron 
cor ent in human milk, has not been con- 
recent studies. Feuillen and 
Pl; nier (1952) give the iron concentration 
of iman milk as 0.05-0.06 mg per 100 ml, 
an of cow’s milk collected direct from 


th udder as 0.04 mg per 100 ml. These 


fir d in 
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figures tally with those reported by Wall- 
gren (1932) 20 years earlier. The iron- 
content of commercial cow’s-milk mixtures 
is commonly many times greater, and the 
artificially-reared infant may receive 
through the milk 3-4 times as much iron 
as the breast-fed (cf. Feuillen and Plumier, 
1952; Schafer, 1953). 

The mean values for certain mineral 
constituents of human and cow’s milk are 
given in Table 5. The mineral content of 
milk is influenced by the diet of the mother 
or dam, though not so markedly as is the 
concentration of vitamins. 

Above, a comparison has been made 
between the compositions of breast milk 
and cow’s milk in natural state. Of greater 
biological significance, of course, would be 
a comparison of the total consumption of 
the individual constituents over long pe- 
riods of feeding with breast milk alone 
and with a suitable cow’s-milk mixture. 
Table 6 shows some data of interest in 
this connexion. 


TABLE 6. Comparison between total amount 
of various nutrients supplied by human 
and cow’s milk. 


Cow’s-milk feed- 
ing (160 litres 
of 1:1 milk-and- 
water-type mix- 
ture during 6 


Breast feeding 
(135 litres of 
breast milk 

during 6 


months) months) 
9 
Calcium 45.9 89.6 
Phosphorus 
Total-P 18.9 73.6 
Casein-P 2.2 19.2 
Total protein 1,620 2,720 
Casein 540 2,400 
Whey protein 1,080 320 
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CHAPTER III 


AIM OF THE INVESTIGATION 


There are many important qualitative 
and quantitative differences in chemical 
composition between human and cow’s 
milk. these 
might be taken to influence the nutritional 


Presumptively, differences 
status of the young infant, for whom milk 
constitutes the predominant feature of the 
diet and in whom growth is exceedingly 
rapid. A detailed account of opinions con- 
cerning these problems as they have 
changed through the years is given in 
Chapter I. In 
oftener and oftener claimed that the che- 


recent times it has been 


mical differences between the two types 
of milk need not in themselves lead to 
major differences in the results of rearing. 
This opinion is largely based on purely 
clinical findings or simple laboratory tests. 
In the present work particular care has 
been taken to match careful clinical obser- 
vations with certain serological and blood- 
chemical investigations in order to obtain 
a broader view of the problem. 

One of the differences between breast- 
fed and bottle-fed infants which has at- 
tracted much attention is that concerning 
resistance to infection. Even in recent, 
carefully controlled studies, an increased 
susceptibility to infection has in most 
2ases been noted among infants weaned 
early from the breast. The mechanism 
behind this difference is still not under- 
stood, and there are several possible ex- 
planations. One possibility would be a 
distinct difference in the capacity for anti- 


body formation. Certain animal invest ya- 
tions previously cited have shown that 
this process is influenced not only by gross 
protein restriction, but also by such dif- 
ferences in diet as exist on feeding with 
homologous or heterologous milk (Oberg 
and Mellander, 1955). 

The main object of the investigation has 
been to establish, on as uniform a serics as 
poss })'*, the incidence of infection in dif- 
ferent feeding groups, and at the same 
time to obtain, by means of quantitative 
studies on antibody formation and serum 
protein fractions, a basis for the assessment 
of any demonstrable differences in this in- 
cidence of infection. 

The clinical side of the investigation |\as 
not been limited solely to recording of ‘he 
incidence of infection. The opportunity 
was also taken of making a broad ass: ss- 
ment of the children’s health and deve'\.p- 
ment. Particular attention was paid t: 
skeletal development, which may be p: 
cularly readily influenced by the consi: cr- 
able differences in intake of mineral 
stances and proteins on feeding with b: 
and cow’s milk. 

Laboratory investigations include: in 
addition to determination of serum | °0- 
teins, a series of other blood-chemica. °s- 
timations to the extent that material 1s 
available and that these were consid: °d 
of interest in a comparative study of | ‘s 
nature. 
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CHAPTER IV 


GENERAL BACKGROUND AND ORGANIZATION 


by OLOF MELLANDER, TORE MELLBIN, and BO VAHLQUIST 


1. The County of Norrbotten 


The county of Norrbotten (See the map, 
Fig. 1.) extends from latitude 65°4’ to 
694’. It has an area of 105,876 sq.km 
(40.742 sq.miles) and a population of about 
250.000, corresponding to an average of 
2.4 inhabitants per sq.km (6.1 per sq.mile). 
The district consists largely of high, moun- 
tainous country and forests. The popu- 
lation is concentrated to the valleys and 
coastal districts. There are 5 towns, of 
which Lule&, with 27,000 inhabitants, is 
the largest. 

The population is predominantly Swe- 
dish. with Finnish and Lapp minorities 
(ca. 40,000 and 7,000 respectively). These 
minorities are now largely Swedish-speak- 
ing. Large families are still common. The 
birt}i-rate in 1954 was 18.6 per 1000 of the 


total population of the county, and the 
infant death-rate in the same year was 
20.9 per 1000 live births. 


‘climate is very hard. Temperatures 
of - 30° to —40°C (—22° to —40°F) are 
incommon during the winter, and 
¢ summer the temperature may rise 
to 25° to +30°C (+77° to + 86° F). The 
d is frozen and, as a rule, snow- 
cov ‘ed from October to May. The tem- 
ure and hours of daylight in this 
are shown in Fig. 2. 
ere are well-equipped hospitals at 7 


not 


du 


arctic circle 


Tore - Rane’ 


Finland 


Denmark 


400 500 
miles 


Fig. 1. Map of Sweden. Norrbotten county indi- 
cated by densely hatched area. 


places (Boden, Luled, Pitea, Gallivare, 
Haparanda, Kalix, and Kiruna), and there 
are in addition 7 smaller ‘cottage’ hospi- 
tals. Medical care and prophylaxis are 
organized on the same basis as in other 
parts of Sweden (Strém and Johansson, 
1950). In 1954 the number of doctors per 
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Fig. 2. Mean temperature (above) and hours 


of daylight (below) at latitude 67°. 
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10,000 inhabitants was 4.2, and the nim- 
ber of nurses 15.2. The county is divi ‘ed 
into 37 provincial medical districts, « ich 
with a ‘province’ doctor who is respon: 
for the medical care and public he 
duties of his own district; the purely c!ini- 


cal aspect of his practice takes the gre:ter 


part cf his time. For years there have 
been difficulties in filling some of these 


posts. In the country districts it may be 
difficult at times to maintain contact be- 
tween doctor and patients, as roads may 
be blocked by snow. 

While the investigation was in progress 
there were no serious epidemics. There 
were, of course, outbreaks of morbilli, va- 
ricellae, pertussis, etc., but none of diph- 
theria or severe alimentary infections. ‘The 
incidence of tuberculosis was formerly high 
in this part of the country, but here too, 
during recent years, it has been brought 


largely under control. 


2. The Research Regions 


Two regions were investigated, Tore- 
Ranea, a country district, and part of the 
The 


areas can be seen from the map (Fig. 3). 


town of Kiruna. location of these 
In 1954 the population of Tére-Ranea was 
13,192, that of the Kiruna district 12,850. 
In both areas the population is pre- 
dominantly Swedish, but in Kiruna there 
is a small Finnish minority. 

Most of the inhabitants of Tére-Ranea 
are small-holders, with general income- 
levels lower than in Kiruna, and often 
with little ready money. The housing situa- 
tion among most of the population is not 
entirely satisfactory. The majority of the 
inhabitants of Kiruna are workers in the 
big iron-ore mine that gave rise to the 


township about 50 years ago. Income: 
on the whole satisfactory, older dwelling 
are rapidly being replaced by new, and the 
housing situation is for the greater pai of 
this community satisfactory. 

The diet is characterized by a hig! 
take of calories, and relatively high 
sumption of milk, bread, and _ potai cs. 
The consumption of animal fat and \ro- 
tein may be said to be ordinary. Less * uit 
and vegetables in particular are consi 
than in more southerly parts of he 
country, but typical vitamin-defici: cy 
states are exceedingly rare. Elaborat: r- 
rangements exist for the free distribu on 
of supplementary vitamins to preg: nt 
women and young children, through 
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Fig. 3. Norrbotten county with the two research areas, the towns, and the hospitals indicated. 
¢ 
PS are ‘ 
os ternity and child-welfare clinics. No clear- Much superstition and credulity from 
i shes cut signs of vitamin deficiency, in either earlier times have qualified child-rearing 
oe mothers or children, were observed during in these districts, as in many other parts 
the whole of this investigation. of the country. During recent years, how- 
bs ies During many winter months the cold ever, the work of the child-welfare or- 
“ is so severe that infants and small children ganization has been received with con- 


can only remain out of doors for very fidence, and the willingness to follow its 
short periods; at times during the summer advice and instructions has been as great 


the gnat-nuisance may have the same as elsewhere. 


3. Medical Staff 


mn! ‘be investigation was conducted from _ sala is situated about 930 and 1260 kilo- 
nt ., Up>sala and Gothenburg, in which places metres (558 and 756 miles) from Tore- 


the ‘aboratory tests were carried out. Upp- Raned and Kiruna, respectively. Local 
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centres were set up at the Paediatric De- 
partment, Boden (Dr. Herbert Enell), the 
Paediatric Department, Gallivare (Dr. 
Erik Sahlin), and Kiruna Hospital (Dr. 
Erik Eriksson). 

In both of the districts we were assisted 
by the existing medical and nursing staff, 
but the staff of the child-welfare clinics 
was augmented as follows. In Tére-Ranea 
an extra, full-time nurse was appointed 
for the entire period of the investigation, 
and for most of the time also an extra 
district nurse. The child-welfare organiza- 
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tion in Kiruna was at the start of the n- 
vestigation working under considerable : if- 
ficulties. An extra medical officer was .:p- 
pointed at Gallivare Hospital with | 
time duties at the child-welfare clini in 
Kiruna, 120 kilometres (72 miles) a. ay. 
This doctor spent two days per wee! in 
Kiruna. In addition, an extra nurse was 
appointed to the Kiruna child-weillare 
clinic. The local authorities and popula- 
tion of the two districts were prepared for 
the investigation through articles in the 
press and through personal contact. 


4. Antenatal Care 


Attempts were made to come into con- 
tact with expectant mothers as early as 
possible during the pregnancy. They were 
interviewed at maternity-welfare clinics or 
by child-welfare staff. Each mother was 
then seen regularly at the maternity-wel- 
fare clinic or by her own doctor. At an 
early stage the child-welfare organization 
took a family history and dietary history 
in accordance with a special form. 

As has already been mentioned, the 
dietary habits of the population of Norr- 
botten are on the whole satisfactory, and 
no true malnutrition, either quantitative 


or qualitative, occurs in any section of the 
community. Nonetheless, the importaice 
was stressed to all expectant mothers of 
fortifying the diet throughout the preg- 
nancy with animal protein, iron, and vita- 
mins. Iron preparations and multiple-vi- 
tamin preparations were provided free of 
cost from the time pregnancy was diay- 
nosed until delivery.! Regular supervi- 
sion of health as described above as 
aimed at, to provide as far as possi! le 
optimum conditions for the developm«nt 
of the fetus. 


5. General Health Supervision of the Children 


The outline of the general health super- 
vision, together with the times of the va- 
rious immunizations, is shown in Fig. 4. 

Regular examinations. Throughout the 
first year all children underwent regular, 
frequent examination. According to the 
original scheme, they were to be seen by 


a doctor at about six-weekly interval- in 
addition to special examination in ie 
event of serious disease. During the col st 
winter periods, however, and during i¢ 
spring, when roads often become imp. >- 


1 Vitamin capsules (“Multivimin’) were g 
rously provided by Astra, Ltd. 
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Blood sample 


for serological 


Clinical exam 


Clinical exam. Dental exam 


Skeletal x-ray Skeletal x-ray. 


Blood sample Blood sample 


and biochemical Tetanus for serological for serological 
analysis Diphtheria and biochemical and biochemical 
(Cord blood) Pertussis analysis analysis 
Influenza 
Birth 3 4% 6 72 30 
Months 


Fig. 4. 


able for some weeks, this was not always 
possible. The nurses’ visits to the children’s 
homes were largely carried out according 
to plan, however, even under these diffi- 
cult conditions, the children being seen at 
2-weekly intervals. In Toére-Ranea the 
schedule was maintained throughout the 
first year of life; in Kiruna the interval 
between examinations after the special 
examination at “74 months’ became pro- 
lonzed to 3-4 weeks. Careful notes on the 
child’s health were made at every exami- 


Diagram to illustrate the time-table of the ‘special examinations’ and of the immuni- 
zation procedures undertaken in the studies on antibody formation. 


nation by doctor or nurse, on a special 
form. The mean number of examinations 
by physician or nurse is given in Table 7. 

This intensified supervision was kept up 
throughout the first year of life. Subse- 
quently the ordinary child-welfare-clinic 
pattern of supervision was followed, but 
with the same nurse as before. This was 
continued until the follow-up examination 
at “30 months’ of age. 

Special examinations. In addition to the 
regular examinations, special tests were 


TABLE 7. Mean number of examinations by physician or nurse. 


Feeding groups 


I II III IV 
Kiruna 
No. ©! examinations by physician 6.2 6.6 6.6 6.1 
by nurse 8.5 8.6 8.7 8.6 
Mea: total number of medical 
inations 14.5 15.2 15.3 14.7 
Té 
No. | examinations by physician 4.1 3.9 4.1 4.2 
by nurse 5.4 15.4 15.8 15.4 
Me» total number of medical 
exa’ ‘nations 19.5 19.3 19.9 19.6 
Fes ) groups. I birth-2 weeks, II 1-24 months, III 3-6 months, IV 634 months or more of plain breast 


feeding. 
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performed at certain times, in accordance 
with the following scheme. 

At birth. Tests on umbilical-cord blood 
(chemical data, including sodium, potas- 
sium, calcium, phosphorus, alkaline phos- 
phatase, and protein determinations, and 
electrophoresis; serological data, including 
antistreptolysin and antistaphylolysin ti- 
tres and diphtheria and pertussis anti- 
bodies). 

‘73 months’ (90% of the children were 
aged 6 to 9 months). Full clinical exami- 
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nation was carried out by a pediatric’.n, 


including X-ray examination of the bc 
(to exclude rickets and to determine ‘he 
stage of development of ossification c nt- 
res) and blood tests as above. 

‘30 months’ (90 % aged 26 to 34 moniiis). 
Full clinical examination, as at ‘74 moni hs’, 
was again carried out. Dental examina- 
tion was made by a specialist. Further X- 
ray examination and blood tests, as above, 
were performed on part of the series. 


6. Immunization Procedures 


BCG immunization was carried out dur- 
ing the first week of life, and tuberculin 
testing at 3 months. Most of the children 
were again tuberculin tested at ‘73 months’ 
and at ‘30 months’. 

Combined immunization (Pertussis, diph- 
theria, and tetanus) was carried out at 
about 3, 43, and 6 months of age. The 
titres of pertussis and diphtheria antibo- 
dies were estimated at ‘7} months’ and, 
in part of the series, also at “30 months’. 


An investigation so complicated as this 
van only be carried out with the full sup- 
port of everyone concerned in it. This is, 
of course, particularly true of the families 
involved. The project was preceded by 
articles in the press and by personal in- 
terviews, and the staff of the child-welfare 


Vaccination against small-pox was car- 
ried out as a rule in the second half year 
of life, at a mean age of 83 months. 

Influenza immunization with a single in- 
jection of influenza A and B vaccine was 


performed on a limited group of children, } 


usually about 3 weeks before the 7}- 


month’ special examination, when serum 
was collected for antibody titration. 


clinics maintained constant contact with 
the participants. The spirit of co-operation 
was at all times good, and not least \vas 
the excellent collaboration between mv th- 
ers and staff a source of great satis’ ac- 


tion. 
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CHAPTER V 


MATERIAL 


by GUNILLA CARLGREN, OLOF MELLANDER, TORE MELLBIN, and BO VAHLQUIST 


1. Selection of Participants 


Registration of patients took place dur- 
ing the period June Ist, 1953, until Decem- 
ber 31st, 1954. The investigation then pro- 
ceeded until May, 1957. The number of 
children born in the two districts during 
the registration period was 660. Strenuous 
efforts were made to enrol as many of 
these children as possible. For various 
reasons, a considerable number of them 
remained outside the investigation, either 
because they were never enrolled in the 


first place, or because they failed to keep 
up attendances. The commonest causes of 
non-participation are shown in Table 8. 

The total number of children remaining 
in the investigation until its conclusion 
was only 402. Having regard to the main 
object of the work, namely, tc compare 
the influence of different modes of rearing 
upon the health of the child, this can 
hardly have had any important effect 
upon the findings. 


TABLE 8. Number of participants in relation to live births. 


Non-participants 


Total no. of 


children Died Died Serious Moved 
born alive No. of shortly during disease from Other Lack of 
June 1, 1953—__ partici- after the in child dis- obvious cooper- 
District Dec. 31, 1954 pants birth study or mother trict reason? ation 
Kiruna 349 193 7 1 3 21 17 107 
Tére-Ranea 311 209 4 1 6 2 13 57 
Total 660 402 11 2 9 42 30 164 


‘remature birth, language difficulties, etc. 


2. The Mode of Rearing 


eliminary reports from child-welfare 
cli) vs in the two districts had indicated 
the. the distribution of cases among the 
va’ ous feeding groups (see below) was 


likely to be satisfactory. The true incidence 
of the degree of breast feeding in the two 
districts is shown in Fig. 5. 

In attempting to refine the main issue 
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Fig. 5. The incidence of plain breast feeding 


during the first six months of life. 


of the significance of the type of milk, it 
was necessary as far as possible to stan- 
dardize the diet in other respects. The 
following scheme was adopted. 

In cases where full breast feeding could 
not be achieved throughout the first 6 
months, the feeds were supplemented with 
a 
with 5% of sugar and 1% of wheat flour. 


mixture of cow’s milk and water 


This mixture gives about 550 calories per 
litre, and contains about 1.7% of protein, 
1.5% of fat, 8% of carbohydrate, and 
0.4 % of mineral substances. The maximum 
amount allowed per day was 600-700 g 


(21-25 oz) at one month, increasing to 
800-1000 g (28-35 0z) at 3 months. Crushed 
rusks were added to one or two of the 
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feeds from 4 months. In one group he 
feed was prepared from fresh cow’s m k, 


and in the other from a commercial dr: d- 
milk preparation giving a mixture of he 
same composition (cf. Gyllensward «nd 
Mellander, 1949). 

The ‘fresh milk’ used in Kiruna was ob- 
tained from the shops, and had 


pasteurized and the fat-content stand:rd- 
ized to 3% at the dairy. The int 
between milking and consumption was as 


rval 


a rule about 2 days, but could in excep- 
tional cases be as much as 3 days. Refri- 
geration was scrupulously maintained (ur- 
ing transport and storage. In Tore-Ranea 
most families used fresh milk from local 
herds. 

The diet was supplemented as follows. 
From one week 10 drops of a vitamin pre- 
paration were given daily, providing 2500 
units of vitamin A and 1000 units of vita- 
min D. This dose was doubled from 3 
months, from which time 25 mg of ascor- 
bic acid was added per day, and also 
orange juice or infusion of the fruits of 
Rosa canina. Strained baby foods were 
introduced at 4 months.! After the spec'al 
examination at “7} months’, the rs 
were given a freer hand with the childre:: s 
diets. During the period of the investi::- 
tion no pressure was exerted on ‘¢ 
mothers to breast feed their infants. ‘ \¢ 
incidence of breast feeding was consi: 
ably higher in the rural district of T: »- 
Ranea than in the town of Kiruna, | it 
any effect of this difference was elimina 
by the statistical treatment (cf. Cha; -r 
VI). 

Attempts were made to create, by ¢ 
precautions just described and by 


1 Strained baby foods were generously 
vided by Findus, Ltd. 
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prop iylactic maternal welfare during preg- 
nanc, previously described, optimum con- 
ditions for the child’s development, both 
in u(cro and during the first year of life. 
It is of course important to realize that 
conditions will in any event vary from 
case to case. The essential feature of the 
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investigation is that there were nosystem- 
atic differences between the various groups, 
involving the mothers’ health and diet or 
the family environment into which the 
children were to be born. Since this feature 
is of fundamental importance, it will be 
considered in some detail below. 


3. The Four Feeding Groups 


Different ways of arranging the series 


were first tried. The important point was 


to create two ‘extreme’ groups, one in 


which the infants had been nursed exclu- 
sively at the breast for a very long time, 
and one in which they had been breast fed 


TABLE 9. Distribution into feeding groups. 


Feeding groups 


Kiruna 79 41 52 27 32 17 30 15 193 100 

Tore-Ranea 64 31 45 21 39 19 61 29 209 100 
Total 143 35 97 24 7158 91 23 402 100 


Feeding groups. I birth-2 weeks, II 1-24 months, III 3-6 months, 


breast feeding. 


Figures in italics are percentages. 


TABLE 10. 


Duration of partial breast feeding. 


Feeding groups 


Duration, 
District months I II III IV I+IL+III+I1V 
Kir Total 79 100 52 100 32 100 30 100 193 100 
0 16 20 3 5.5 2 6 1 3 22 «6T 
22; 28 16 31 5 16 & I 48 25 
2 al 24 14 27 6 19 6 20 47 24 
3-4 13 16 14 27 15 47 ll 37 53 28 
5-6 4 3 3.9 3 9 17 9 
>6 3 4 2 4 1 3 0 0 6 3 
M 1.9 2.4 2.9 2.4 
Tore Ranea Total 64 100 45 100 39 100 61 100 209 100 
0 9 14 3 7 l 3 7 dil 20 9.5 
is 20 12 27 ll 28 28 38 59 28 
2 10 22 7 18 15 25 43 20.5 
3-4 22 34 1l 24 15 3 12 20 60 29 
5-6 a @2f 8 18 4 10 4 7 Zs if 
>6 2 3 1 2 ] 3 0 0 4 2 
M | 1.9 2.4 
ing groups. I birth-2 weeks, II 1-2} months, III 3-6 months, [V 64 months or more of plain 
bre feeding. 


ires in italics are percentages. 
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Months 

11 

10 


Partially breast-fed 


: 


1 
I 


Completely 


breast-fed 


Fig. 6. Diagrammatic illustration of the two different modes of grouping the series 


I-IV. Standard grouping, with reference only to period of plain breast feeding. 
A-D. Special grouping, with reference to both plain and partial breast feeding. 


Each dot represents one infant, and the localization indicates the periods of plain and | 


breast feeding. 


for a very brief period. In addition, how- 
ever, the many children who fell between 
these poles had to be placed satisfactorily. 
The simplest was to take account only of 
the period of plain breast feeding. This 


method has usually been employ: 
earlier investigations, and the same 
ciple has been adopted here. The ser 


divided into the following 4 groups. 
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> breast feeding 0-2 weeks 
II 1-2 } months 
», 3-6 months 
IV »» 64months orlonger 


The distribution of the individuals is 
shown in Table 9. 

The duration of complementary feeding 
varied greatly between individuals. This 
is evident from Table 10 and Fig. 6. 

It is clear that in arranging the series 
into 4 groups with different modes of 
rearing it would be desirable to take into 
account not only the duration of plain 
breast feeding but also the variable period 
of complementary feeding, and if possible 
also that quantity, small or large, of breast 


milk consumed during the various stages. 
Obviously, a child fed solely at the breast 
for one month and to two-thirds during 
the next four months will receive more 
breast milk than an infant nursed at the 
breast alone for two months and to fifty 
per cent during only one month. A sy- 
stem of classification in which regard is 
paid to the duration both of plain breast 
feeding and of complementary feeding has 
been adopted in some preliminary reports 
(VahIquist, Mellander, and Wicklund, 
1957; Mellander and Vahlquist, 1957) and 
is also illustrated in Fig. 6. This is briefly 
discussed on page 87. 


4. The Families 


It is clearly of decisive importance that 
the groups should not differ in any essen- 
tial respect but the mode of rearing. Some 
of the data examined in this connexion 
are presented in the following. Details 
concerning the age of the mothers and the 


TABLE I1. Age 


housing of the families are given in Tables 
1] and 12. Mean values only are given for 
certain other factors (Table 13). Concern- 
ing the dietary situation, the reader is 
referred to the next section. 

As can be seen from the tables, the 4 


of the mothers. 


Feeding groups 


bre 


I 


District Age I If Ill IV 
Kiruna Total 79 100 52 100 32 100 30 100 
15-19 15 15 0 17 
20-29 60 70 59 47 
30-39 25 13 35 36 
= 40 0 a 6 0 
M, yrs 26.4 25.5 29.5 27.3 
Tore-Ranea Total 64 100 45 100 39 100 61 100 
15-19 3 9 3 3 
20-29 49 48 cL 40 
30-39 4] 35 24 44 
> 40 g 8 0 3 
M, yrs 30.1 29.2 27.0 31.4 


ires in italics are percentages. 


ling groups. I birth-2 weeks, II 1-2} months, 
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TABLE 12. Persons per living-room (kitchen excluded ). 


Feeding groups 


breast feeding. 


TABLE 13. 


Figures in italics are percentages. 


All figures are mean values. 


Persons 

District per room I II Til IV 
Kiruna Total 79 100 52 100 32 100 30 100 
<0.9 1 “ 3 0 
1-1.9 36 20.5 28 17 
2-2.9 24 21.5 28 50 
3-3.9 25 39 19 23 
24 14 17 22 10 

M ds 3.0 2.8 2.8 
Tore-Ranea Total 64 100 45 100 39 100 61 100 
<0.9 0 0 0 0 
1-1.9 23 16 36 Bd 
2-2.9 39 35 31 38 
3-3.9 22 22 15.5 15 
4 16 27 17.5 18 

M 2.8 3.1 2.6 Pa | 

Feeding groups. I birth-2 weeks, If 1-24 months, III 3-6 months, IV 6$ months or more of 


Some data concerning the families in both districts. 


Feeding groups 


breast feeding. 


age is significantly higher in group IV 


groups are in most respects well matched. 
There are a few differences that deserve 
comment. The number of siblings of school 


I II III IV 
Age of mother, years 28.0 27.2 28.0 29.1 28.1 
Weight of mother, kg 61.5 61.0 61.9 63.5 62.0 
Mother’s Hb < 70% 15% 18 9 14% 12 % 14% 
No. of children during 
last 5 yrs. 1.5 1.5 1.4 1.4 1.43 
No. of siblings of 
school age 0.35 0.32 0.44 0.80 0.44 
Health of siblings good 88 % 92 % 77% 85 % 86 % 
Middle class and 
well-to-do 14% 16% 14% 14% 14% 
Annual income, Sw. crowns 
Kiruna 8300 9100 9550 7650 8700 
Tore-Ranea 7200 7100 7300 6550 7000 
No. of living-rooms 2.0 1.8 2.1 2.1 2.0 
No. of persons per 
living-room 2.75 3.05 2.7 2.75 2.8 
Feeding groups. 1 birth-2 weeks, If 1-24} months, III 3-6 months, IV 6} months or more of 


than in the other groups. This mig] 


due to a covariation between milk pri 


tion and fertility, and perhaps eve 


greater viability of the offspring. On 
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othe: hand, it is striking that the number 
of ciuldren ‘during the last 5 years’ does 
not Jiffer from group to group. From an 
envi: onmental point of view, however, the 


immediate effect of the difference would 
have been anticipated to be that the indi- 
viduals of group IV would be exposed to 
greater risks of infection than children in 
the other groups. As we shall see (Table 
9). the of certain 
types of acute infection actually observed 
was in fact lower in group IV than in 
groups I-III. Thus this incongruity has 


however, incidence 


not created, but possibly reduced, the 
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true differences that do in fact exist be- 
tween the groups. 

The number of mothers in whom the 
haemoglobin was less than 70% varies 
slightly from group to group, but taking 
into account errors of the method and 
scatter within the groups this has no sta- 
tistical significance. 

The declared, yearly incomes vary quite 
considerably between the groups (and are 
lowest in group IV). These figures cannot 
be taken as indicative of the actual stan- 
dard of living, and too much significance 
should not be ascribed to the differences. 


5. The Diet of the Expectant Mothers 


At the first examination by the midwife, 
the mothers participating in the investiga- 
tion were requested to be prepared to give 
information about the family’s dietary 
habits. and were informed that a nurse 
would later call to ask for such informa- 
tion. In good time before this visit the 
womcn were given lists of the most im- 


portant foodstuffs, to be filled in as con- 
sumed over a period of two weeks. Ex- 
planations were provided by the nurse. 
After they had been filled in, the lists were 
gone through point for point, and unclear 
or inadequate information completed. This 
work was found to be full of pitfalls, and 


depended in every case to some extent 


TABLE 14. Calculated amount of nutrient per ‘standard subject’ and day. 


Fecding groups 


Py pe of 

nutrient Unit I I] It IV 
Calories 3102 3214 3056 3053 
Prote sn g 69 74 71 70 
Fat g 165 169 155 7 152 
Carb \vdrate g 297 310 306 312 
Calc ) mg 1425 1622 1477 1474 
Pho orus mg 1597 1722 1637 1642 
Iron mg 7.9 7.6 | ‘et 
Vita: in A Ue 3043 3160 2876 2711 
Thia ne mg 1.14 1.16 
tibe avin mg 2:2 2.2 
Nia‘ mg 6.8 6.9 6.8 6.7 
Asco jie acid mg 32 BK 32 32 

I ng groups. I birth-2 weeks, If 1-24 months, III 3-6 months, 1V 64 months or more of plain 
brea: feeding. 
4 “63 Acta Paed, Suppl. 116 


|_| 
| 
“4 
| 
i 
) > 
} 4 
iin 
be 
1C- 
to 
2 
he 


50 


BREAST FEEDING AND ARTIFICIAL FEEDING 


TABLE 15. Consumption of certain food constituents per ‘standard subject’ and du 
Type of Feeding groups 
food Unit I I] III IV 
Milk litre 1.15 1.21 1.18 24 
Cream 100 ce. 0.15 0.16 0.13 10 
Cheese kg 0.025 0.040 0.028 023 
Butter kg 0.054 0.050 0.045 050 
Margarine kg 0.049 0.050 0.050 040 
Bread kg 0.152 0.150 0.160 170 
Sugar kg 0.103 0.114 0.108 10] 
Potatoes kg 0.300 0.300 0.300 1.300 
Meat kg 0.119 O.117 0.110 1,108 
Fish kg 0.070 0.060 0.076 060 
Feeding groups. 1 birth-2 weeks, If 1-24 months, III 3-6 months, [V 6} months or more of plain 
breast feeding. 


upon the veracity and interest of the 
mothers. Naturally enough, many of them 
could not be got to persevere with the 
lists, and some gave answers that were so 
obviously untrue as to be worthless. Fin- 
ally, 337 lists were acceptable. 

The information has been analysed with 
respect to the size of the families and the 
age of the children, in conformity with 
the norms laid down by the Swedish Social 


Welfare Bureau. The results are given in 
Tables 14 and 15. 

Having regard to the great sources of 
error that characterize interview investi- 
gations of this nature, it may be stated 
that no essential differences exist bet cen 
the 4 groups, and that no dietary factor 
was present in subnormal quantity. |’os- 
sibly, the consumption of milk has |een 
unusually high. 


6. The Infants at Birth 


Of the births 94 % took place in a special 
maternity clinic. In Kiruna, the only insti- 
tution of this kind is at the hospital there. 


In Tore-Ranea there are 3 separate mater- 


nity wards, all situated outside the ac ual 


district of the investigation. For prac’ ‘cal 
reasons it was impossible to carry out iny 
uniform or specialist examination o! ‘he 


TABLE 16. Distribution with respect to birth-place and sex. 


Kiruna Tore-Ranea 
Sex I II ITI IV I 
5) 33 42 20 38 18 56 17 57 33 52 23 51 20 51 45 
4658 32 62 14 44 13 43 31 48 22 49 19 49 52 
Feeding groups. 1 birth-2 weeks, II 1-2} months, III 3-6 months, IV 64 months or more o! alt 


breast feeding. 


Figures in italics are percentages. 
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TABLE 17. Birth weight. 


Feeding groups 


Weight in kg I II III IV 1+11+TII+IV 
Total 143 97 71 91 402 
<2.4 2 3 7 1 ll 3 
2.5-2.9 20 17 7 13 60 15 
3.0-3.4 40 30 32 38 143 36 
3.5-B.9 25.5 37 41 34 134 33 
4.0-4.4 11.5 12 10 13 48 12 
4.5 1 1 3 1 6 1 
M 3.38 3.46 3.50 3.49 3.45 


Feeding groups. I birth-2 weeks, II 1-24 
breast feeding. 


Figures in italics are percentages. 


newborn infants. In view of the object of 
the investigation, however, this was prob- 
ably not a very serious disadvantage. 

The sex-distribution of the children is 
shown in Table 16, the birth-weights in 


Tabie 18. Seasonal distribution of births. 


Feeding groups 


Season I [II IV 

Winter (Oct. 1 to 

Mar. 31) 6848 3334 3245 4648 
Summer (Apr. 1 to 
Sept. 30) 7552 6466 3955 45452 

feeding groups. birth-2 weeks, IL 1-24 months, 
It i; months, IV 64 months or more of plain 
brea ceeding. 

Fi ures in italics are percentages. 


months, III 3-6 months, 1V 64 months or more of plain 


Table 17, and the time of year birth took 
place in Table 18. The few differences that 
do occur are in no case significant. 

The series consists of 194 boys and 208 
girls. Thus the girls show a slight numerical 
superiority, in contrast to the usual state 
of affairs. This difference is not statistically 
significant. Concerning the birth-weights, 
the infants of group I were slightly smal- 
ler than the others. The difference be- 
tween groups I and IV (3.38 and 3.49 kg 
respectively) is not significant. With re- 
gard to the season of birth, rather more 
children were born during the period April 
Ist to September 30th than during the 
remainder of the year (223 and 179 re- 


spectively). 
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CHAPTER VI 


STATISTICAL METHODS 


by GUNNAR EKLUND 


1. Significance Levels 


In this monograph the term ‘signifi- 
cant’ has been used in accordance with 
the following convention. 

If an observed difference between two 
percentages (or two means) is of a mag- 
nitude such that the probability P of 
obtaining a difference at least as great as 
the observed value is greater than 0.05 
(where the null hypothesis is assumed to 
hold), then that observed difference is 


said to be non-significant. 


If 0.0L — P <0.05 the difference is said to 
be (probably) significant and is marked *. 
If 0.001 <P <0.01 
to be significant and is marked **. 
If 0.001 


(highly) significant and is marked ***, 


the difference is said 


P the difference is said to be 


Only two-tailed significance tests have 
been applied. 

The significance test is performed either 
by using a normally distributed test 
variable or by applying a t-test or a bi- 


nomial test. 


2. Con fidence Intervals 

The confidence intervals reported in 
this monograph are symmetrical at the 
95% The 


estimated by means of normal or binomial 


level. confidence limits are 


distributions. 


The confidence intervals and the sivnifi- 
cant judgements which are found |elow 
the tables, refer either to the difference 
between a mean (or percentage) for group 
IV and a mean (or percentage) for group 


I, or to the difference between a mean for 


— 


the groups IV and III taken together and | 


the mean for group I. In the tables, mean 
values (percentages) are given for the 
infants belonging to these groups. In 
general the confidence intervals with the 
help of sample means supply information 


concerning the population means. The 


mean values given in the tables can be 
regarded as sample means. The assertion 
that the population difference between the 
means (percentages) for, say, groups IV 
and I lies within the confidence interval will 


be true, on the average, in 95%, of in- 


stances, in which the assertion is mad:. It | 


is here assumed that the samples are 
randomly drawn from the population 
Now we meet a complicated quest on. 
How is the population to be specified” It 
cannot be claimed that the children are 
drawn at random from a population on- 
sisting of all 
during 1953-1954. It is therefore prefe red 


infants born in Norrbe ten 


; 


to specify some hypothetical popula’ on. | 


It is then assumed that there is a cry 
large population of children and from _ his 
the samples are considered to be draw . at 
random. 
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STATISTICAL METHODS 


3. 1, completeness of Data 


From Table 8 
missing for a considerably large group (the 


is seen that data are 


uncooperative group). It must be ad- 

mitted that this group can have a different 

composition from that of the remaining 
material. 

In commenting on the tables it has been 
assumed that, 

(i) the values of the dependent variables 
(weight at 3 months, number of infec- 
tive incidents ete.) have no effect on 
the frequency of cooperative mothers, 
e.g. the mothers of infected children 
cooperate with the same frequency as 
do mothers of uninfected children. 

(ii) there is no factor influencing both the 
dependent variable and the coopera- 
tion frequency. (Cf. Berkson, 1955). 
These assumptions seem to be reason- 

able. In any case, it is difficult to give 

a concrete example of a biassing factor 

of (ii). 


Intra-individual Comparisons 


The majority of comparisons in this 
monograph are made between groups. 


Some comparisons, however, are intra- 
individual. The reason for this is illus- 
trate’! by the following example. 


\ want to decide whether the caries 


activ ty is significantly greater or smaller 
in th» teeth mineralized during the pe- 
riod sf breast feeding than those mineral- 
ized uring periods of artificial feeding. 
We an now compare the most extreme 
grou 3, 1V and I, with respect to caries 
acti’ ty. This comparison is, however, 
inefi ient since the dispersions are large: 
cari activity varies greatly. A consider- 
ably smaller dispersion is obtained if it 
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is based on intraindividual differences 


(see p. 69). 


5. Notation and Comments on the Tables 


"4 


Mean is symbolized M=-——, where 
n 


x; denotes the value (e.g. weight gain) 
for the individual (7), and » the number 
of individuals. 
Standard deviation (dispersion) is defi- 
ned as 
n 


s 
Mean error, Sy, is defined as sy = 


The confidence interval for the differ- 
ence between, say, groups IV and [I is 
written (approximately) as 


SIv ST 
Mw = M, 2 + 


of the 

tions, and mean errors are weighted. 
Thus for Tables 13, 17, 18, 19, 20, 

21, 23, 24, 25, 29, 30, 36 and 37, the 


following weighted means are constructed. 


Some means, standard devia- 


M 


Mxir a5 M vore-Ranea 
, where and 


More-ranea are the simple means for the 
respective districts. 
tables the standard devia- 


For these 


tion is calculated as 
T 
Ss 


The diagrams in 


2 
STére-Ranead 


10 and II 


are calculated in an analogous manner. 


Figures 


The number of infants is not recorded 
for all tables. For such tables the distri- 
bution into feeding groups is the same 


as in Tables 9 and 19. 
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Adjusted values. The individual values 
for weight, height, and the number of 
ossification centres have been adjusted in 
order to approximate the weight etc. at 
30 m’, 


not 


‘73 and since the measure- 


ments were recorded at the same 


age for all infants. The adjustment norms 
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for weight and height are taken front 
Karlberg and Perman (1959), and_ fo 
ossification centres from Elgenmark (1° 46). 
Say 13 ossification centres are reco ded 
at 8} months, then the adjusted nu: iber 


1 
2 
7 


for ‘73 m’ will be 12. } 
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CHAPTER VII 


RESULTS 


1. Clinical Examination 


by HERBERT ENELL, HELGE JOSEFSSON, OLLE LAGERSTAM, THOMAS L ANNE, TORE 
MELLBIN, IVAN THORELL, BO VAHLQUIST, HARRIET WICKLUND, and PER 
ZETTERQVIST 


The series comprises 402 infants. Some 
selection inevitably occurred, and the rea- 
sons for this are evident from Table 8, 
p. 43. Eleven infants with a birth weight 
of less than 2,500 g are included. 


Physical development. Weight, height, 


and ossification centres 
We ight 


The children were weighed on standard 


infant scales. Different equipment was of 
course used at the different centres and the 
domiciliary visits, but the accuracy of the 
scales was checked at the beginning of the 
investigation. For practical reasons it was 
impossible to carry out weighing at the same 
time of day throughout. 


Rk sults, The figures given in Table 19 


show the weight gain since birth after 
cert’ intervals up to ‘30 months’. 
Tab 19 includes also the average birth 
weis ts for the various feeding groups. 


The \itial loss in weight is not noted, but 
vas no significant difference between 
the >ups. A diagram showing the weight 
birth to 


rom ‘74 months’ is given 


in | 


( parison of the feeding groups re- 


TABLE 19. Weight gain since birth. 


(Mean values and standard deviations in kilo- 
grams.) 


Feeding groups 


Age [ II IV 
Mean 
Birth weight 3.38 3.46 3.50 3.49 
Weight gain 
3 0.24 0.29 0.38 0.41 
14m 1.00 0.99 1.12 1.26 
m 2:44 258 2333 2:48 
434m 3.53 3.22 3.26 3.41 
6 m 4.40 4.19 4.06 4.16 
‘74m 5.52 5.25 4.97 4.90 
‘30 m 10.54 9.88 9.49 9.88 


Standard deviation 
0.60 0.55 0.56 


3m. 52 
m.’ 0.98 1.07 0.84 0.89 
3m. 7 143 97 71 91 
m.” 143 97 71 91 


30m.’ n 128 79 61 85 


Feeding groups 1 birth-2 weeks, II 1-24 months, 
III 3-6 months, IV 64 months or more of plain 


breast feeding. 


Confidence interval for the difference between 
the means for groups IV and III on the one hand 
and the mean for group I[ on the other: 
3 months: — 0.03 +0.13. 

Confidence intervals for the difference between 
the mean for group IV and the mean for group I: 
‘74 months’: — 0.62 + 0.25 (significant ***) 

‘30 months’: — 0.66 +0.51 (significant*) 
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id for 
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Feeding groups. I 


veals that the average weight-gain of the 
infants in group I (weaned early from the 
breast) at ‘74 months’ is significantly 


*) higher than that of the infants in 
IV. 


Discussion. The results obtained indi- 


group 


cate that temporary differences concerning 
weight gain may exist between breast-fed 
and bottle-fed infants during the first year 
of life, but that none are demonstrable at 
“30 


resulted in somewhat different findings 


months’. Earlier investigations have 
(see Chapter I), but have on the whole 
suggested that the weight gain of bottle- 
fed infants is similar to or greater than 
that of breast-fed, at 6 months or over. 
The difference with respect to weight 


gain may well be a result of differing daily 


birth-2 weeks, II 1-2} months, III 3-6 months, IV 6} 
breast feeding. 


Months 


Fig. 7. Weight gain since birth. 


months or more of plai 


intake of calories. It is possible that this 


was on an average higher among the 
bottle-fed during the second trimester. 
when some of the breast-fed may /iave 
experienced some insufficiency but were | 
nonetheless kept on the breast up to the 
‘ideal’ time. 
Height 

Infants aged less than one year vere 
measured lying down on a measuring | ard 
with fixed foot block and movable head -nd. 
and older children standing up. Height was 


measured only at ‘special’ examinatic | at 
‘74’? and ‘30 months’. For practical re 
it was impossible to perform the mea. 1re- 
ments uniformly at the same time of d: 


Results. These are collected in Tab] 20. 
It can be seen that there is a small but 
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TABLE 


RESULTS 


20. Height. 


Feeding groups 


| I II III IV 
3 Q 3 3 Q 
‘Tf 10.’ mean 70.8 69.2 70.5 68.2 69.0 68.1 69.8 67.8 
} *30 m.’ mean 90.4 89.0 91.1 88.4 89.4 89.3 90.3 88.1 
‘74 1m. standard deviation 2.4 2.5 23 2.0 1.9 
*30 standard deviation 4.1 3.5 3.5 3.4 3.4 
! itm’ 66 TT 43 54 38 33 46 45 
30 60 68 34 45 29 41 44 
) Height figures in centimetres. 


Feeding groups. I birth-2 weeks, 


breast feeding. 


II 1-23 months, 


III 3-6 months, IV 64 months or more of plain 


Confidence intervals for the difference between the mean for group IV and the mean for group I: 


} ‘74 months’ d: —1.0+0.85 (significant*) 


‘30 months’ 0.1+1.4 
| months’ -1.4+1.0 (significant**) 
*30 months’ 0.9+1.5. 


significant difference (boys*, girls**) be- 
tween groups I and IV at “7} months’, 
the bottle-fed infants being the taller. At 
‘30 months’ this difference is equated. 
Discussion. As has been mentioned in 


Chapter I, the few earlier investigators 


t this } who have measured the height of breast- 
r the, and bottle-fed infants have found a similar 
ester, | difference at about 6 months of age, with 
have | slightly higher values for the latter, but 
vere | no difference after the first year. 
the 4 
Ossi ‘ication centres 


nd, 


was 


at 
ons 


ire- 


20. 


hut 


Tl. method originally described by Son- 
tag. Snell, and Anderson (1939) and later 
ed (1946), 


ng all the ossification centres of the 


by Elgenmark involves 


cou 
up} 


nici 


and lower limbs of one side. For tech- 
reasons one centre (the coracoid) was 


not .icluded in the present study. For the 


oonths’ examination the infant 


was 


fixe. to a special board, and at ‘30 months’ 
the sild was held still. The children from 
Tor Rane& were examined at the hospital 
at | Jen (Dr. Ivan Thorell), and those from 
Ki: 1a at the hospital there (Consultant 


Radiologist Dr. Einar Isberg). All films were 
at the Department of 
University Hospital, Uppsala (Professor 
Folke Knutsson), by Dr. Harriet Wicklund. 
Radiological examination of all infants was 


read Radiology, 


aimed at at ‘74 months’, but for practical 
‘30 this 
possible in the case of the Kiruna children. 


reasons at months’ was only 


Results. These are collected in Table 21. 
It can be seen that among the girls chere 
is a significant difference (**) concerning 
development of ossification centres between 
groups I and IV at ‘73 months’, the 
bottle-fed (group I) showing the more 
rapid development. There is no significant 
difference among the boys. It is an interest- 
ing point that the well-known difference 
between boys and girls concerning the 
development of ossification centres appears 
at so early an age as ‘74 months’, with 
an average of 1.7 more centres among the 
girls. 

Discussion. The means for the entire 
series in accordance with 


are Elgen- 


} 
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TABLE 21. Number of ossification centres. 


Feeding groups 


‘74 months’ 3: 
*30 months’ d: 
‘74 months’ 9: 
*30 months’ 


I IT I 

‘7i m.” mean 2x 15.0 12.5 14.3 12.6 13:3 12.0 13.6 
“30 m.’ mean 40.0 52.0 44,2 50.1 40.5 52.0 39.3 0.5 
‘74 standard deviation 24 1.9 3.8 1.9 2.4 2.0 
“30 m.’ standard deviation 6.5 4.5 3.5 4.0 6.6 4.9 4.7 6.9 
‘Tim. n 65 75 43 52 36 33 46 $4 
“30m.” on 24 31 13 21 12 10 15 12 

Feeding groups. I birth-2 weeks, If 1-2} months, III 3-6 months, IV 64 months or more of jain 
breast feeding. 

Confidence intervals for the difference between the mean for group IV and the mean for gro ip I, 


20.7 

14+1.1 (significant**) 
-15+4.5 


‘74 months’ 3 + ¢ 0.9+0.7 (significant*) 


and Westropp 


mark's (1946) findings, for both and 
“30 


(1953) studied bone development by means 


months’. Stewart 
of radiology of the hand, and noted no 
significant difference. As far as we know, 
no systematic investigation into the devel- 
opment of ossification centres in different 
feeding groups by the more exact method 
used in this study has previously been 
carried out. Striking and unexplained is 
the difference between the sexes. 

It is noteworthy that the differences in 
nutrition that influence weight-gain only 
to a moderate extent, have shown an 
established effect upon skeletal develop- 
ment. The explanation of this may be that 
the artificial mode of rearing involves 
excessive administration of calcium, phos- 
phorus, protein, and other substances (see 
Chapter II). 


substances may be relatively lower in the 


tven if absorption of these 


hottlefed infant than in the breast-fed, the 
absolute quantities taken up are often 


greater. The most obvious explanation of 


the accelerated growth is probably that the 
skeleton is not entirely protected against 
the excess intake of protein and certain 
minerals that commonly occurs on feeding 
with cow’s-milk mixtures, even when tlicse 
are fairly dilute, as in the present investi- 
gation. 


Findings at routine examination 


A number of minor abnormalities \ cre 
noted, concerning the skin, firmness of ‘he 
flesh, superficial lymph nodes, st« Is, 
motor development, and general |) 
viour (crying, sleep, etc.). These were ot 
regarded as sufficiently important or 
sufficiently suitable for objective as. 
ment to motivate statistical anal is, 
however. Cases of infantile eczema \ ‘re 
recorded, and the figures are show! in 
Table 22. There is no significant differ ce 
between the groups. This finding te cs 
with those of the better-documented ea 
investigations (see Chapter I). 


It is inherent in prophylactic medi 
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TABLE 22. Incidence of infantile eczema. 


Feeding groups 


0.0 + 1.6 
0.0+1.9 


nonths’: 
ionths’: 


Degree of II IV 
skin changes n= 143 n=97 n=71 n=91 
13.6 ) Slight 25 25 11 24 
05 Moderate 4 5 6 0 
a0 | Pronounced l 5 0 1 
6.9 
| Feeding groups. 1 birth-2 weeks, If 1-24} months, III 3-6 months, IV 6} months or more of plain 
+4 breast feeding. 
12 
lain» and especially in an investigation of this exemplified by the following. Although 
nature involving regular, frequent exami- about 3% of the infants showed raised 
nation, that the likelihood of the appear- serum-alkaline-phosphatase values, in no 
} ance of serious deficiency states is very case was there X-ray evidence of rickets, ry 
| slight. In fact, we have on no occasion at either ‘73’ or ‘30’ months. 
| observed definite signs of qualitative or ; | 
Haemoglobin 
quantitative malnutrition that could rea- 
The ‘Sicca’ technique was employed. 4 
sonably be related to the diet. This is 
t the . is is based on colorimetric determination 5 
‘inst » 
Al TABLE 23. Haemoglobin values. 
‘Tain | 3 
ding Feeding groups = 
hese Hb % I II III IV 5 
Stl- 
months’ 56-59 0 0 0 1 
60-69 8 11 4 3 
70-79 42 49 32 3 > 
80-89 35 3 a2 49 
90 5 9 12 16 
= 
‘re M 81 79 83 83 
he 9 
‘73 months 60-69 1 1 1 2 é 
Is, } 70-79 32 33 34 29 uf 
80-89 51 56 55 38 
90 16 10 11 
ot M 84 83 83 84 5 
val ‘30 months’ 60-69 0 3 0 0 
38- 70-79 18 22 1) 18 
: 80-89 62 65 7) 59 
am, 90 20 10 15 23 
re f M 85 83 85 85 
in 
syroups. 1 birth-2 weeks, IL 1-2 $ months, IIL 3-6 months, IV 6} months or more of plain 
bore eeding. 
s I es in italics are percentages. 
( dence interval for the difference between the means for groups IV and III on the one hand 
: an mean for group I on the other. ‘3 months’: 2.0+1.5 (significant**) 
‘ ‘ idence intervals for the difference between the mean for group IV and the mean for group I: 
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TABLE 24. The incidence of infants with one or more pyrexial incidents (> 37.5 os 
or 100° F.). T 
Feeding groups for 
I II III the 
of 1 
Infants with one or more the 
pyrexial incidents 28 20 15 15 16 23 14 15 
Infants with no tem 
pyrexial incidents 115 80 82 85 55 77 77 85 infe: 
Feeding groups. 1 birth-2 weeks, If 1-2} months, III 3-6 months, IV 6} months or more of plain part 
breast feeding. grol 
Figures in italics are percentages. tati 
Confidence interval for the difference between the percentage for group IV and the percentag: ia? 
for group I: —5+11 
dete 
of reduced haemoglobin. Theinstrumentswere — this investigation have been entirely similar — met 
calibrated before the start of the investiga- jn all four feeding groups. ace 
tion, and once again during its course. The litte 
findings are given as a relative percentage, Pyreaxia ( vari 
100% corresponding to 14.7 g of haemo- The temperature was taken per rectum, T 
globin per 100 ml of blood. as a rule each time the infant was seen by} *"" 
a nurse. In addition to this routine meas-| ¢!!! 
Results. These are given in Table 23. ure, the temperature was taken whenever ‘lim 
The haemoglobin was estimated at ‘3’, the mother called in the nurse in the event. ** 
‘71’, and ‘30 months’. of acute infection. The number of measiire- 
ments of temperature therefore varied greatly | Tal 
from one child to another. 
haemoglobin at “3 months’ is significantly - 
higher (**) in groups IV and III than in Results. At the start the following cl: si-| 
group I. The difference is small, however. fication was employed. The number of py- 
At both and ‘30 months’ the haemo-  rexial incidents (temperature 37.5 C. 
globin levels are similar in all groups. or 100 F.) was placed in relation to the t otal a 
Discussion. In the past it was believed — number of occasions on which the tem ra- " 
that bottle-fed infants had a greater ture was recorded. This system was su )se- 
propensity to develop anaemia than those quently found to be impracticable for -ev- | ie 
reared at the breast. The reason for this eral reasons, and in the end the figures \ ere ae 
assumption is difficult to see, since the divided into two groups, children that iad | *t 
prepared feed, whether deliberately en- on no occasion had pyrexia, and t ose | as 
riched with iron or not, will as arule con- that had shown one or more pyr: «ial | HI 
tain considerably more of this mineral than incidents. 
the breast milk. The modern tendency to As can be seen from Table 24. no ‘i 
give solids from an ever earlier age results difference could be found between ‘he | an 
in an even greater intake of iron irrespec- various feeding groups, with regard to he | 3 : 
tive of the type of milk feed. It is hardly number of infants with pyrexial incide ‘ts. th, 


surprising that the haemoglobin values in 


Discussion, see p. 65. 
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Sc limentation rate 


Tic erythrocyte sedimentation rate has 
for many years been used to complement 
the ‘emperature, as an index of the effects 
of infection. Neither is specific, but among 
the factors that evoke an increase in 
temperature and sedimentation rate, the 
infections are predominant, and this is 
particularly true of the paediatric age 
group. In this investigation the sedimen- 
tation rate was estimated routinely at 
‘3° and months’. 

Technique. The sedimentation rate was 
determined — by (1933) 
method. Care was taken that the tubes were 


Strém’s ‘micro’ 
accurately calibrated, since even moderate 


differences in diameter may cause wide 


variations in the results. 

The figures were read off after 1 hour. 
Strom’s ‘normal values’ for women and 
children are given as 4-8 mm/hour, with 
‘limit values’ for women at 9-12 mm/hr. 


As far as we know, no figures obtained by 


25. Sedimentation rate, mm|hour. 


Feeding groups 


II TW 


iths 
mea 10.1 8.6 8.0 6.0 
" 137 92 65 86 
standard deviation 7.3 6.6 6.2 3.4 
74h 
m 11.2 11.4 13.1 12.6 
! 142 97 71 91 
stan ord deviation 8.1 90 
l vg groups. | birth-2 weeks, II 1-2} months, 
II i months, 1V 6} months or more of plain 
bre eding. 
( idence interval for the difference between 
the ins for groups IV and III on the one hand 


and he mean for group I on the other. 


31 ths’: -3.2+ 1.5 (significant***) 
( idence interval for the difference between 
the in for group IV aud the mean for group I: 


23 


nonths’ 


this technique have been published for the 
ages concerned in this investigation. It is 
known that during the earliest period of life 
the sedimentation rate is very low. This is 
at least partly due to the physiologically 
high haematocrit readings. By 3 months of 
age, however, these have completely changed, 
and have reached the typical infantile level, 
which is lower than that in adults. 

Results. These are given in Table 25, 


from which it can be seen that at ‘3 
months’ there are statistically significant 
differences between the feeding groups, 
groups IV and III showing significantly 
***) higher values than group I. At ‘73 
months’ the differences are equated. The 
scatter is considerable in all groups (in 
calculating the confidence intervals, regard 
was not paid to the asymmetrical distri- 
bution about the mean occurring in bio- 
logical series of this nature). 

Discussion. The findings can hardly be 
explained by differences in the circum- 
stances concerning infection. As will be 
clear from the following paragraph, the 
incidence of upper respiratory infection 
and acute diarrhoea showed only minor 
differences between the different feeding 
groups. It is also difficult to see why there 
is a difference at ‘3 months’ but not at 
‘7}°. Factors in the blood that influence 
the sedimentation rate include the hae- 
matocrit reading, which is not important 
in this connexion, and, more particularly, 
the plasma protein pattern. Under normal 
conditions this latter undergoes great 
changes during the earliest period of life, 
with the 
intra-uterine to 


transition from 
life. This 
well-known fact is also evident from data 


in connexion 


extra-uterine 


presented in a later section of this chap- 
ter (Table 36, p. 76), from which it is 
clear that different modes of rearing af- 
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TABLE 26. Antistreptolysin and antistaphylolysin titres at ‘74 months’. 
Feeding groups 

I II IV 

Antistrepto- n 24 21 14 18 
lysin titres > 200, 

% 7 20 19 12 

Antistaphylo- n 98 68 45 il 
lysin titres > 2.0, 

% 8 4 0 4 

Feeding groups. 1 birth-2 weeks, II 1-24 months, III 3-6 months, IV 64 months or more of plain 


breast feeding. 


Figures in italics are percentages. 


fect directly or indirectly the gamma- 
globulin fraction, which is significantly 
(***) lower in group IV (late weaned) than 
in the others. These figures are too few to 
form the basis of a full discussion on the 
differences in sedimentation rate noted, 
however. Electrophoresis was not carried 
out at 3 months” and no figures are avail- 
able for fibrinogen at any age. It is there- 
fore fruitless to speculate on the causes. 
We can only publish the established facts. 


Antistreptolysin and antistaphylolysin titres 

Technique. The antistreptolysin titres were 
determined by Ipsen’s method (1944), and 
the antistaphylolysin titres by Packalén and 
Bergqvist’s (1947). The tests were perfor- 
med at the time of the special examinations 
at ‘73° and ‘30 months’. Owing to technical 
difficulties, much antistreptolysin material 
was lost. Some specimens were spoiled by 
the growth of Gram-negative bacilli. It is 
known that this may give falsely high titres 
(Packalén, 1948). Probably owing to the plas- 
tic material of which the storage vessels were 
made, troublesome turbidity developed in 
many other cases during the titration. This 
unfortunate ‘selection’ took place purely at 
random, and should not, therefore, influence 
the outcome of the comparison of the differ- 


ent feeding groups. 


Results. These are collected in Table 26, 
There were no statistically significant 


differences between any of the fecding 


f 


groups. 

Discussion, see p. 65. ‘ 

Incidence of acute infections 

Epidemic disease 

The cases of certain named infective 
disease recorded in connexion with the 
investigation are shown in Table 27 

Results. The number of cases is sinall. 
There is nothing to indicate a_ higher 
incidence in one or more of the fec:ling 
groups, with regard to infections © the 
in particular or in general. j 
Acute infections of the upper respirat -y 

passages and digestive tract 

The commonest infections oceurrine lur- 
ing the first year of life are those th: ar; 
localized to the upper respiratory pas yes 
Formerly diarrhoea was also very om: 
mon, but modern prophylactic mea_ res 
have resulted in great improvement i. th 


position. 


brea 


eord 
mos 
rout 
at fh 
few 
hist« 
stati 
uppe 
acut 
natu 
betw 
a pa 
sion 


tions 


Fig 


wit} 


Freer 


\ 

é 


RESULTS 63 


' "| .BLE 27. Incidence of named infectious disease during the first 12 months of life. 


i 


Feeding groups 
IV ] II Ill IV 
Diagnosis n= 143 n=97 n=71 n=91 
18 
Measles 6 11 4 2 
p! Varicella 8 2 4 7 
Rubella 0 0 ] ] 
71 | Exanthema 
subitum 8 7 2 3 
(Roseola infantum) 
seers Total 22 20 1] 13 
plain 
Feeding groups. I birth-2 weeks, II 1-24 months, III 3-6 months, [TV 64 months or more of plain 
breast feeding. 
He 20, Mcthods. All infective incidents were re- toms of more than one of the types of ill- 
YI 
ficant corded on the children’s Health Cards. In ness named are included under more than 
ding most cases, symptoms were recorded at the one heading. No attempt has been made to 
} routine examinations, which were carried out assess the degree of severity and duration 
at frequent intervals (see Chapter IV). In a of the illness. 
few cases the data were obtained from the Che observation period for this particular 
history only. The types of illness considered _ series extends from birth to 1 year. One of 
statistically are rhinitis, cough, otitis media, three theoretical relationships might be 
upper respiratory infection with pyrexia, and anticipated between the mode of rearing and 
acute diarrhoea. Clearly, with illnesses of this incidence of infection: breast feeding might 
nature it is often difficult to distinguish exert an influence while it was proceeding, 
eetive between the diagnoses, and to know whether or it might continue to act after its dis- 
) the a particular child is suffering from a succes- continuation, or it might have no influence. 
sion of different illnesses or from exacerba- In order to take into account as many as 
Il tions of the same one. Cases showing symp-_ possible of these considerations, and_ to 
small. 
vither = 
eding ‘Infection period’| &(0-3m) 72 m) | Xx (72-12 m) 
ther Month | 12 
4 
I | | 
} | 
I | | 
Feeding | 
roups | 
group = | 
lur- 
are | 
yes 
ym- Fig Diagram to indicate the successive decline in the number of completely breast-fed infants 
ares 4 Ht he different feeding groups. The distribution into different ‘infection periods’ (x, f, and 
) is used in tables 28, 29 and 30 to compare the incidence of infective episodes. 
the 


Freer jroups. I birth-2 weeks, IIT 1-24 months, III 3-6 months, IV 63 months or more of plain 
I 2 2 I 
breast feeding. 


vi 
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TABLE 28. 
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per infant. 


Toére-Ranea 


Feeding groups 


Kiruna 
Feeding groups 


Frequency of acute infections during the period 0-12 months. Mean vi lue 


Diagnosis Period I II III IV [ II III I\ 
Rhinitis % 0.69 0.59 0.62 0.41 0.27 0.35 0.27 0.2 
6 1.38 L.15 1.38 1.04 0.82 0.82 1.04 0.84 
. 0.70 0.65 0.87 0.65 0.44 0.65 0.50 0.5 
atBty 2.77 2.39 2.87 2.10 1.53 1.82 1.81 Mi 
Cough 4 0.17 0.35 0.20 0.22 0.11 0.14 0.04 0.0) 
4 1.03 0.87 0.78 0.69 0.71 0.53 0.85 0.3 
aa 0.42 0.30 0.42 0.30 0.41 0.41 0.27 0.22 
1.62 1.52 1.40 1:21 1.2% 1.08 1.16 0.62) 
Otitis media 0 0 0 0 0 0 
c) 0.06 0.02 0.16 0.02 0.10 0.02 0.04 0 
” 0.06 0.09 0.02 0.02 0.05 0.06 0.04 0 
0.12 0.11 0.18 0.04 0.15 0.08 0.08 
pty 
Upper respiratory = % 0.06 0.02 0.05 0.02 0.05 0.02 0 0.05 
infections with 6 0.45 0.35 0.47 0.39 0.23 0.18 0.23 0.14? 
pyrexia 7 0.38 0.20 0.22 0.39 0.20 0.14 0.19 0.14 
0.89 0.57 0.74 0.80 0.48 0.34 0.42 0,33 
Acute oa 0.06 0.02 0.11 0.07 0.03 0.06 0.04 0.05 
diarrhoea e 0.34 O17 0.29 O15 0.27 0.08 0.04 0.2% 
0.38 O15 0.27 O15 0.08 0.08 0.04 0.24 
atBp+y 0.78 0.34 0.67 0.37 0.38 0.22 0.12 0.51 
Feeding groups. 1 birth-2 weeks, If 1-25 months, [11 3-6 months, LV 6} months or more of plain as 
feeding. 
a. %, y: for definition see fig. 8. 
utilize the material as fully as possible, the middle-ear infections, which were rela tive- 
observation period was divided into three ly infrequent. What is the reason fo the | 
rms, fp, and y. As can be seen from 
Fig. 8, x embraces the term 0-3 months, 
Ranea’ To some extent it may be de to 
fB 3-74 months, and y 73-12 months. The . 
average number of each type of infection the mode of presentation, and the; ‘fore 
per child over each term was calculated. be only ostensible. As has already een 
shown (Table 7, p. 41), the total um- 
Results. The frequency of the 5 different ber of medical examinations was | sher } 
acute infections during the 3 terms in per child in Tére-Rane&. Even th ugh 
the 2 districts is shown in Table 28. It is a history of infection was acce ted. 
immediately obvious that the incidence of it is probable that this difference ir fre 
infection is higher in Tore-Ranea thanin quency of examination may have be 1 0! 


Kiruna, the only exception being the 


some significance; apart from thi: 
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TABLE 29. Confidence intervals for differences between feeding groups. 
(cf. Table 28 and Fig. 8) 


Differences between 
the following 2 


Upper respi- 
ratory infec- 


Pe- sets are calculated tion with Acute 
riod Ist set 2nd set Rhinitis Cough Otitis media pyrexia diarrhoea 
Tore-Ranea 
IWI+IV I —0.18+0.25 0.04+0.13 —0.03+0.07 0.03+0.09 
Bp IV I+II —0.24+0.35 -—0.27+0.36 -—0.03+0.06 -—0.02+0.21 —0.12+0.15 
4 [V I+II+III —-0.09+0.26 —0.09+0.22 -—0.04+0.05 0.12+0.20 —0.13+0.14 
Kiruna 
I 0.00 +0.17 — 0.06 +0.10 — 0.02 + 0.07 0.02 + 0.08 
B IV I+IlI 0.02 +0.28 —0.29+0.26* —0.07+0.06* —0.07+0.16 0.08 + 0.18 
y E+ 0.07+0.31 —0.16+0.20 -—0.05+0.04* —0.04+0.15  0.17+0.17* 
(Kiruna + Tére-Ranea) 
I —0.09+0.15 -—0.01 40.08 0.02 + 0.05 0.02 + 0.06 
p IV I+II —0.11+0.22 —0.28+0.22* -—0.05 +0.04* 0.04 +0.13 -—0.02+0.11 
y IV I+I1I+III -—0.01+0.20 —0.13+0.15 -0.04+0.03* 0.04+0.12 0.02+0.11 


differences must be true ones. It may be 
mentioned that housing conditions are al- 
together much poorer in Tére-Ranea, which 
is a country district. 

The different incidence of infection in 
the two districts does not affect the main 
point of the investigation, the comparison 
of the different feeding groups, but it 
was thought best to describe separately 
the findings from the two districts. 

A survey of the differences in frequency 
of infection between different feeding 
groups is given in Table 29. The grouping 
in this table is slightly different from that 
used in the rest of the investigation, in 
orde, to bring out as clearly as possible 
the | iferences between breast- and bottle- 
fed . fants during different terms (cf. Fig. 
8). 

It |; evident from Table 29 that during 
tern: (3-74 months) and y (73-12 
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months) there exist significant (*) differ- 
ences, the values throughout being higher 
for bottle-fed infants, but these are often 
small, and never exceed the 5 % level. 
The question of susceptibility to infec- 
tion is approached from another angle in 
Table 30. Here the incidence of different 
types of infection during the various ‘infec- 
tion terms’ («, /, and y) is calculated. The 
figures given in’ table 30 therefore take 
no account of the fact that the individual 
infant may have suffered from repeated 
attacks of the same type of infection dur- 
ing the period in question. The results 
reveal that for the combined periods 
a+f+y (0-12 months) the infants of 
group I (weaned early from the breast) 
showed significantly (**) higher values than 
those of group IV (late weaned). 
Discussion. Up to the 1930’s most in- 
vestigations showed a considerably higher 
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TaBLe 30. Incidence of different types of infection during the different "infec on | By 


periods’ (x, and y). 30), 
wp 
Feeding groups | Feedings group res} 
I II III IV | I II III ¥ con 
Number of children Number of children a 
143 100 97 71100 100 | 143 1/00 100 71100 91/00 7 
conit 
4-period | 
0 $459 6062 4462 35965! 0 3035 4243 2738 3 34] Wha 
1 38 27 24 25 14 20 1678 | l 37 26 20:27 19 27 32°99 | since 
“4 Is 13 12 72 15 16 | 2 36 25 23 24 18 25 22 
3 3 2 0 0 | 3 18 13 9 9 710 6 
4 00 00 00 i 4 0 0 " 0) the o 
Mean 0.58 0.53 0.58 0.55 | Mean 1.20 1.08 1.07 03 | furth 
Co 
4-period a+3++ 
0 21220 23 0 12 8 1010 46 
3827 2627 1927 2123 1772 1217-1820 Of a 
2 4733 3738 33. 36 2 3927 3738 2231 3134} there 
3 2316 1212 811 1618 3 5438 2829 82130 2335 
4 6 4 811 00 4 17 12 11 15 7 betwi 
5 | 0 0 3) 4 3 @ In) 
Mean 1.64 1.44 1.70 1.48 | Mean 2.41 2.11 2.37 2.05 


Feeding groups. 1 birth-2 weeks, IL 1-25 months, IIL 3-6 months, [V 6} months or more of plain breast 


feeding. | 


a, %,y: for definition see fig. 8. 

Figures in italics are percentages. 

Confidence intervals tor differences between the means for the following groups. 

Period x: Groups IIT and IV on the one hand and group I on the other: — 0.02 +0.13. 

Period 8: Group IV on the one hand and groups I and II on the other: — 0.08 + 0.16. 

Period y: Group IV on the ene hand and groups I, If and III on the other: — 0.10 40.14. 

Periods % +8 ++: Group IV on the one hand and group I on the other: — 0.36 + 0.22 (significant **). Decii 


incidence of infection in infants reared by — pecially with regard to upper respiratory Pim 
the bottle. Critical analysis of these studies, infection and acute diarrhoea, but the A 
however, clearly reveals that poor stan- differences have often been only moderate 4‘ 
dards of hygiene and concomitant increa- (see Chapter [). one 
sed risks of infection were of great sig- In the investigation now presented in 


nificance in the case of these infants, and which very great care was taken to en: ure 
it is therefore difficult to determine what that the different feeding groups vere"! 
effect the differences in composition of the — closely similar with regard to factors ot ier’ '"@! 
artificial milk mixtures and breast milk than the nature of the milk, the dit er-| only 


may themselves have had. Recent investi- ences obtained never exceeded the > ° dur 
gations, in which more attention has been level. The general tendency, however, 1as I 
paid to these sources of error, have still been that early-weaned infants (grou 1) ‘im 
in most cases shown a preponderance of have shown a higher average incidenc of '' 
acute infections in bottle-fed infants, es- infection than the late-weaned (group _ V). 


C mn 


By seans of a special classification (Table 
, 30), in which the incidence of different 
typ). of infection involving the upper 
res} ratory passages and the gut were 
compared, a significant (**) difference 
was obtained. 

It should be mentioned that the risk of 
contracting infection may have been some- 
what higher for the infants in group IV, 
since the number of siblings of school age 


10 J] 
1s 20 
31 34 


\ 


in this particular group is higher than in 
the other groups (see Table 13). This fact 


further emphasizes the differences. 


Concerning named infective disease, the 
total number of cases was too few to be 
of any use in a statistical analysis, but 
there is no evidence of any difference 


7 s} between the feeding groups. 


In this connexion it is worthy of note 
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that although the figures for pyrexia, se- 
dimentation rate, and antistreptolysin and 
antistaphylolysin titres showed no signifi- 
cant differences between the feeding 
groups there is in fact a difference con- 
cerning the gamma globulin, the values 
for groups I, II, and III being significantly 
(***) higher than that for group IV (see 
Table 36). This observation may perhaps 
be interpreted as indirect evidence that 
differences do indeed exist between the 
feeding groups concerning infection. 
Statistical treatment of the results of 
the present investigation has been under- 
taken with regard only to the incidence of 
acute infections. Assessment of the severity 
and duration of the illnesses is impossible 


with the data available. 


2. Dental Examination 


by JOHN HEDLIN 


Deciduous teeth. Time of eruption, and 


) 
incidence of caries 
tory Lime of eruption 
he <A tooth was regarded as having erupted 
ite «aS scon as any part of it was visible. Up to 
? one car, the number of erupted teeth was 
} in teco ded at short intervals in all infants 
sure at t + regular examinations by doctor or 
vere urs After one year these records were 
her’ Mai ained with the same exactitude in 
| onl, seetion of the series, mostly enrolled 
duri the latter part of the investigation. 
as I} -ults. These are collected in Table 31. 
,. J) Sin’ there was no great difference be- 
» gf twe . the two districts, the findings for 
y), the atire series are given together. The 
S863 


and CURT SJOBERG 


figures for the second premolars are not 
given, because these teeth had not always 
erupted at the time of the last examina- 
tion. 

The teeth erupted in the usual order, 
viz., Ol-—, +01+, +02+, —02-, 
+04 zine +03 ee and +05 

Comparison of the various feeding 
groups reveals only small numerical differ- 
ences, none of which is statistically sig- 
nificant. 

Discussion. Few investigations have 
been devoted to the relationship between 
the mode of rearing and the time of erup- 
tion of the teeth. Certain recent studies 
(see Chapter I) have led to the same con- 
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TABLE 31. Eruption of deciduous teeth, average age in months. 


TA 
> ene 
Feeding groups / 
I II at IV Si 
No. of children examined Gr 
43 22 22 29 ; 
0 
Standard Standard Standard Stano ird 0) 
Tooth-pair deviation deviation deviation deviat ion 0) 
{ 
+044 15.5 2.5 16.0 3.9 15.8 nee 16.5 : Gr 
+03 + 18.9 3.5 18.9 3.0 2.9 18.6 0 
+ 02-4 9.9 10.6 2.6 10.4 10.9 2 0 
+014 9.1 2.6 9.8 2.5 9.5 Be 9.5 2.0 0 
} 
—04- 15.4 2.5 15.9 2.8 15.7 2.4 16.7 : v 
— 03 - 19.2 3.8 19.1 ae | 18.8 2.4 19.1 4 — 
—02— 11.9 4.3 12.8 4.0 12.5 Siz PBS? 3. 
6.9 8.5 3.4 LS 7.8 
| fine 
Feeding groups. I birth-2 weeks, IL 1-2} months, III 3-6 months, IV 634 months or more of plain breast mo! 
feeding. 
the 
cir" 
clusion as we have drawn, namely, thatthe The teeth were dried by means of com- Ki 
and 


mode of rearing makes no important differ- pressed air, and cleansing was done where 
necessary with cotton wool and _ cellulose| thar 
wadding. X-ray examination was not carried} dre; 
out. 


ence. 


Incidence of caries 


; = ; The extent of the caries was registered Tar 

Material. The incidence of caries was in accordance with the Sundvall-Hagl: nd | 
recorded in great detail at the special system (1955), thus: Class A, commencing ' 
cxaminatson at 30 months’. Some wast- enamel caries, with decalcification but no 
age of the original 402 cases resulted from atual defe ct; Class B, enamel caries with 
removal from the district, and some of defect; Class C, enamel and dentine caries. 
the parents refused to co-operate. Service- 1, the final analysis of the material, reg 1rd 
able data were obtained from 144 children _ ;, paid only to classes B and C, over w1 ich 
in Kiruna and 169 in Tore-Ranea, making the 

# total of S13 canes. were in close agreement. 

Methods. Each child was examined by two The flourine content of the drinking w: ter 
different dental surgeons (J.H. and C.8.), is about 0.1 mg per litre in both distr ts. | 
both of whom have had many years ex- } 
perience of both adult and child patients. Results. Two groups of tooth-surf: ces | 
in were compared with regard to the t tal 
and at 4 different places in the Tére-Ranea T vay 
and the probes 8.8.W. no. 5, in afew cases ‘epresent regions particularly disp sed | 
complemented by other probes (D.A.B. no. to develop caries, and the mineraliza ion) ¢ 


2). A Castle ‘Panovision’ lamp was used. of which takes place during fairly well de: } 


( 68 
( | 


~< 


‘iat ion 


where 
lulose 


arried 


tered | 
nd 
neing 
ut no 
with 
aries. 
eg ard 
ich 


~ 


RESULTS 69 


Sz. 


env vel in the two groups of tooth surfaces 


Time of mineralization of the 


sv ected in the study of caries frequency. 


Group A (20 surfaces) 


0 mesial surface 0-1.75 mths 
0: distal surface 0-1.75 ,, 
02 mesial surface 0-2.0 
02 distal surface 0-2.0_ ,, 
05 occlusive surface 0-2.5 ,, 


Group B (16 surfaces) 


04 mesial surface 1.5 -4.0 mths. 
04 distal surface 1.5 -4.0 ,, 
02 buccal surface 20 —30 
0! buceal surface 1.75-2.5 ,, 


fined, different periods during the first six 
months of life. 

There were certain differences between 
the two districts of the investigation. The 
Kiruna children of feeding groups I, II, 
and [II showed a lower incidence of caries 
than the corresponding Tore-Ranea chil- 
dren. Since the main question referred to 


the relationship between the different 
feeding groups, and because this was 
identical in the two districts, the figures 
for the combined series only are shown in 
Table 33. 

Since the state of the teeth is markedly 
influenced by ‘external’ factors (caries- 
provoking diet etc.), even during the 
period 6 months—24 years, the scatter in 
the series is very great. The differences 
found between the different feeding groups 
with regard to each of the groups of tooth- 
surfaces (group A and group B) are non- 
significant. 

More reliable information about possible 
‘internal’ effects upon mineralization due to 
different modes of rearing during the first 
period of life is obtained if instead the 
intra-individual differences between A and 
B are calculated. The feeding groups that 
should be chosen for comparison are II 
and IV. The infants of group II (plain 


Tare 33. Incidence of caries. Comparison at ‘30 months’ of two groups of tooth surfaces 
with different mineralization times. 


Feeding groups 


II Til IV 
n=112 n=70 n= 52 n=79 
Group A Mean 5.92 5.24 5.59 6.70 
Standard 
deviation 5.1 4.7 4.8 Dut 
Group B Mean 2.36 2.53 2.40 2.69 
Standard 
deviation 3.3 2.9 3.4 
Intra-individual Mean 3.56 2.72 3.18 4.01 
differences Standard 
between deviation 3.4 3.9 


Group A and B 


I ng groups. 1 birth-2 weeks, II 1-2} months, III 3-6 months, IV 6} months or more of plain breast 


G up A and Group B, see table 32. 


C. tidence intervals for the difference between the mean for group IV and the mean for group I. 


}.78+1.60 
B ).33+0.98 


ws 


3. | 
3.1 | 
2. 
2.0 
} 
3. 
4. 
3. 
1. 
| 
\ 
| 
ter 
r cts. 
if 
sed | 4 
} 


70 BREAST FEEDING 
01 

02 
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6 7 8 2 4 6 8 10 12 
Month of Age, months 
gestation 

Birth 
Fig. 9. Period during which the enamel struc- 
ture of the deciduous teeth undergoes minerali- 
zation. 
breast-feeding 1-2} months) were largely 


fed solely at the breast during the period 
that the group-A surfaces were undergo- 
ing mineralization, but largely by the 
bottle when the group-B surfaces were 
being mineralized. The infants of group 
IV were essentially fed at the breast 
throughout the period of mineralization of 
both groups A and B. The difference be- 
tween groups IT and LV thus calculated is 
2.72-4.01 1.29*, 

Discussion. An important part of the 
mineralization of the teeth takes place 
during the first six months of life, that is, 
the nursing period. This is illustrated 
diagrammatically in Fig. 9, 
based on data published by different in- 
(Bustin, 


which is 


vestigators Leist, and Priesel, 


AND ARTIFICIAL FEEDING 


1929; Hess, Lewis, and Roman, 19 2: 
Logan and Kronfeld 1933; and Sch: ur 
and Massler, 1940). The consumption of 
minerals and protein is as a rule mi ch 
higher on artificial feeding than w th 
breast feeding, and this was true in he 
present investigation (cf. Table 6, p. : 5). 
of differen ‘es 


concerning mineral and protein intake. it 


Probably a consequence 
has been demonstrated above that cert iin 
differences in skeletal development (heig hit, 
development of ossification centres) exist 
between infants weaned early and 
from the breast. It would seem reasona ble 
to assume that the development of ‘he 
affected by 


milk teeth should also be 


the composition of the diet during the | 


first six months of life. 

Several investigations have been devo- 
ted to the possible relationship between 
the incidence of breast feeding and the 
incidence of caries. A brief review of ‘he 
literature has been published by Finn 
(1952). It is clear from this that opinions 


are conflicting. The results now presen! ed 
suggest that the ‘internal’ effect of the: 


tvpe of milk upon mineralization tend: to 
accord the bottle-fed infants a propens'ty. 
The 
level, however. No attempt was made se- 


parately to assess the degree of severity 


difference does not exceed the °, 


of the caries. 


3. The Antibody Response to Immunization 


by LEO HELLER, GUNNAR LAURELL, TORE MELLBIN, BO VAHLQUIST, and 1 ER 


ZETTERQVIST 


1. Collection of samples. Blood samples for 
serological and chemical investigation were 
taken from mother and infant at delivery 


(from the eubital and umbilical veins, 


respectively), and from the infant agai at 
the fem 
vein and the warmed finger tip, respective |! 
The blood was collected in specially clea 16 


‘7}° and ‘30 months’ (from 
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RESULTS 


ce) vifuge tubes, which were filled to about 
oppered, and allowed to stand at room- 
ter perature for about 4 hours to coagulate. 
Th tubes were then centrifuged for 10 
mivutes, and the serum removed with a 
sey irate pipette for each sample. Attempts 
were made to obtain 4-5 ml of serum, but 
this was often impossible. The serum was 
transferred to a 20-ml vessel of plastic 
maicrial engraved with an identity number 
ani equipped with a stopper coloured 
according to the group. (N.B. in a subse- 
quent part of the investigation the serum 
was pipetted direct into two different 
small tubes.) The specimens were frozen 
immediately to — 20°C, and transported to 
the laboratory in Uppsala and subsequently 
to Gothenburg in a special container packed 
with carbon-dioxide snow. The serum was 
pipetted off in Uppsala for serological in- 
vestigation, which was carried out at the 
University Institute of Hygiene and Bac- 
teriology under the direction of Dr. Gun- 
nar Laurell. The only serological procedure 
performed elsewhere was titration for in- 
fluenza antibodies, which was done at the 
National Bacteriological Laboratory, Stock- 
holm, by Dr. Leo Heller. The interval be- 
tween sampling and analysis varied, but sel- 
dom exceeded 6 months. In the deep-frozen 
state the serum levels of antibodies and 
electrolytes remain unchanged for very long 
periods. 

for obvious reasons, the volume of the 
seri samples varied greatly, and it was 
therofore impossible in many cases to carry 
out all the desired tests. Preference was 


giv to the serological investigations, and 
the are consequently more fully repre- 


ser’ -d than the chemical determinations. 


Combined immunization against per- 
tus s. diphtheria, and tetanus was carried 
ou! with vaccine from the National Bac- 
ter logical Laboratory, Stockholm. Each 


m! 


f this preparation contains 20-25,000 
mi on B. pertussis killed by merthiolate, 
12. units of diphtheria toxoid, and 7.5 


Ww of tetanus toxoid, adsorbed to alu- 


minium phosphate. The vaccine also con- 
tains an antiseptic and a quick-acting local 
anaesthetic (lignocaine). 

Immunization was carried out in the 
manner usual in Sweden, 3 injections 
of 1 ml being given at about 3, 43, and 6 
months of age. The injections were given 
subcutaneously over the trapezius muscle 
on alternate sides. Blood samples were 
taken at two special examinations, at 3-6 
weeks and at about 13-2} years after the 
completion of immunization. During the 
period of the investigation two different 
preparations of vaccine were used (nos. 5 
and 8). The antibody response to pertussis 
and diphtheria was studied. The effects of 
the two vaccines were slightly different, 
but both were fully satisfactory (ef. Lau- 
rell, Mellbin, Rabo, Vahlquist, and Zetter- 
qvist, 1957). The results of immunization 
with vaccine no. 5 only are given below. 


Diphtheria 

The titrations were carried out by the 
neutralization test in rabbits, as described 
by Jensen (1933). The individual values are 
the means of the two extremes at which the 
reaction changed from negative to positive. 


Results. The antibody responses to vac- 
cine no. 5 recorded in the various feeding 
groups at ‘73’ and ‘30 months’ are given 
in the form of cumulative frequency dia- 
grams in Fig. 10. It can be seen that the 
findings for the various groups are very 
similar. No significant difference could be 
demonstrated between the groups in any 
case, either with the no. 5-vaccine alone 
or for the combined series with both 
yaccines. 

The titres recorded after 3 injections 
must be regarded as fairly satisfactory. 
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Antitoxin units 
per ml 


Fig. 10. Diphtheria immunization. Antitoxin titres shown in cumulative frequency curves 
No. of children examined 
Feeding groups 


I II Til IV 
*71/, months’ 69 50 40 60 
*30 months’ 27 27 16 35 


Feeding groups. I birth-2 weeks, II 1 -24 months, III 3-6 months, 1V 6 4 months or more of plain breast 
feeding. 


60 


40} 


4 4 


Agglutination titres 
Fig. 11. Pertussis immunization. Agglutination titres shown in cumulative frequency cur: es. 


No. of children examined 
Feeding groups 


I II III IV 
*71/, months’ 69 50 40 60 
*30 months’ 27 27 16 35 
Feeding groups. 1 birth-2 weeks, II 1-2 $ months, III 3-6 months, IV 6 } months or more of plain br ast 
feeding. 
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Tai LE 34. Immunization with Influenza B virus. Antibody titres (haemagglutination- 


inhibition test) following a single injection of the vaccine. 


Titre Feeding groups 
Class level a II III IV 
0 1 4 3 2 5 
1 1/64 2 — — — 
4 1/91 3 2 2 1 
3 1/128 3 2 we 2 
4 1/181 2 3 — 2 
5 1/256 — 2 — g 
6 1/362 ws 1 
7 1/512 2 oie 3 2 
8 1/724 — — — — 
9 1/1024 1 1 
10 1/1448 1 
11 1/2048 — 1 — — 
Mean titre class 2.44 BEB | 4.44 3.69 


Feeding groups. 1 birth-2 weeks, II 1-24 months, IIf 3-6 months, IV 64 months or more of plain 


breast feeding. 


The mean level for the entire series was 
at ‘74 months’ 3.0 units/ml, and at ‘30 
months’ 0.25 units /ml. 


Pertussis 


Methods. The agglutination test was used 
for antibody titration. The tubes were incu- 
bated at +37°C for 1 hour, and read after 
being stored for a further 18 hours at +4°C. 


Results. The findings are again given in 
the form of cumulative frequency dia- 
grams (Fig. 11), in which account is taken 
only of the results obtained with vaccine 
no. ». At ‘74 months’ there is no differ- 
ence between the feeding groups; at ‘30 
mon'hs’ the figures for group I (early 
wea ied) are slightly lower than those for 
grov'» IV (late weaned), but the difference 
is i) significant. This is also true of the 
enti series, in which both vaccines nos. 5 
and were used. 

Te pertussis titres resulting from 3 in- 
ocu tions of combined vaccine are highly 
sati ‘actory, with a median of between 


1/1280 and 1/2560 at ‘74 months’ and 
1/160 and 1/320 at ‘30 months’. 

3. Immunization against influenza. The 
vaccine was prepared at the National 
Bacteriological Laboratory, and contained 
influenza A (A-prim, A-“SWE-3/50) and B 
(Lee). It was administered intracutaneous- 
ly in a dose of 0.1 ml. For certain reasons 
it was only possible to immunize a small 
section of the series. The number of 
serviceable samples amounted to 54. 

The titrations were performed by the 
technique described in the Bulletin of the 
World Health Organization (1953: 8: 5-6). 
The sera were pretreated with cholera en- 
zyme. The titres indicate the dilutions of 
the serum in the last tube showing inhibition. 


The results are shown in Table 34. Titra- 
tions were made against both A and B, but 
serological response was only obtained to B. 
There is a numerical difference between 
the different feeding groups but the ser- 
ies is too small to permit statistical asses- 


sment. 


we 
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Discussion. Malnutrition may weaken 
the antibody response to immunization. 
This has been seen both in animal experi- 
ments (Cannon, 1949) and in clinical stud- 
ies (Gell, 1951). The most obvious expla- 
nation would be the protein deficiency, 
but vitamin deficiency (Axelrod, 1958) 
and possibly other dietary factors may 
influence the response. It should be noted 
that impaired antibody formation is not a 
constant phenomenon malnutrition 
(Balch, 1950; Gell, 1951). 

In investigations in which impaired anti- 
body response has been observed in states 
of protein deficiency, there has usually 
been severe shortage of animal protein in 
the diet. Moderate quantitative variations 
do not seem to have an established effect 
on antibody formation (Dancis, Osborn, 
and Julia, 1953). 

A matter of considerable importance 
in young individuals is the question of 
whether the nature of the protein, species- 
specific or species-non-specific, is relevant. 
During this early period of life, the species- 
specific milk is the natural food, but hu- 
man infants are often reared on the milk 
of some other animal species. Oberg and 
Mellander (1955) have shown in a series 
of animal experiments that the antibody 
response was better in goats fed on goat’s 


milk than in siblings fed on milk f) om 
another species. The difference was cle: rly 
apparent after immunization with in lu- 
enza-A vaccine, but was not establis ied 
after diphtheria immunization. 

The results described in this chaj ter 
show no difference in antibody respc ise 
to diphtheria and pertussis in the 4 feec ing 
groups. With respect to influenza, the <er- 
ies does not permit statistical assessment. 

It is possible that minor differences be- 
tween the different feeding groups are 
suppressed under the influence of gross) 
antigenic effect leading in all groups to a 
maximum or near-maximum antibody! 
response. If this had been the case at °7} 
months’ a difference ought to have been 
present at ‘30 months’, when the anti- 
body titres had fallen markedly. This was 
not found, however. We can therefore only 
state that in our series there was nothing 
to indicate that the mode of rearing /iad 
influenced the antibody response. 

In addition to the immunizations above 
named, BCG and smallpox vaccination: 


were performed routinely in most of thi 
infants. Since several different doctors ind | 
nurses had been responsible for carry ing 
out these procedures and checking the 
reactions, the material is not suitable for. 


statistical analysis. 


4. Biochemical Analysis of the Blood 


by OLOF MELLANDER, RAGNAR OSTERBERG, and LARS SVENNERHOLM 


The samples of serum, taken as de- 
scribed in the preceding section (p. 70), 
were frozen and sent to Uppsala. The por- 
tion required for serological investigation 


was pipetted off, and the remainder re-| 
frozen and sent to Gothenburg for ch: mi-| 
cal analysis. In the case of the ‘30 mon hs 
samples, thawing and refreezing were un} 
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TABLE 35. Number of biochemical tests performed. 


Umbilical-vein 


Maternal blood 
I TT Iv 


“30 m’ blood 
HE 


blood ‘71 m’ blood 


Toi al number of 


children in the study 143 97 71 91 148 
No serum available for 
any biochemical test 48 $9 22 24 654 


Excluded owing to unrea- 
sonibly high or low fig- 
ures for sodium or eal- 


cium 14 11 9 15 10 
Tests 
Total protein 74 42 38 46 63 
Serum electrophoresis! 95 58 49 67 89 


Phosphorus and alka- 

line phosphatase 73 40 37 41 ~~ 60 
Caleium 71 37 #36 36 50 
Sodium and potassium 61 29 32. 3: 36 


97 71 91 i483 97 71 91 56 45 30 38 


7 1 ] 4 0 0 
42 39 52 105 76 54 73 56 45 30 38 
51 44 62 113 78 55 76 56 45 30 38 


37 36 47 99 71 54 69 37 32 18 31 
26 27 39 85 59 38 54 
20 19 35 63 46 25 40 


Feeding groups. 1 birth-2 weeks, II 1-2} months, III 3-6 months, IV 6} months or more of plain breast 


feeding. 


' The large number of tests in this group is due to the fact that these analyses were performed 
first in case the amount of serum should prove scanty; furthermore, owing to the character of rela- 


tive percentage figures, no material was excluded. 


necessary, as the samples were from the 
start separated into two portions. Im- 
mediately before chemical analysis the 
samples were thawed, and divided into 0.6 
m! portions in alkali-free glass tubes num- 
bered I-V. One such tube was used for 
on or more of the assays shown below. 
Sinve many of the specimens were too 
sm: tl for all the originally intended tests, 
an order of priority was set up from 
the start, as follows. 

Serological analysis. 

Biochemical analysis. 

Total protein, paper electrophoresis. 

Phosphorus, alkaline phosphatase. 

Calcium. 

Sodium, potassium. 

lis system naturally resulted in a 

gr ter number of analyses in the first 
gr ops than in the last. This is seen from 


Table 35. As is apparent, there is also 
some wastage owing to the discarding of 
a few figures that were either unreasonably 
high or unreasonably low. Too-low values 
may probably be explained by pipetting 
off the first specimen (for serological in- 
vestigation) from an incempletely thawed 
sample, resulting in too-low concentration 
of all the solids in the remainder of the 
sample. Too-high values were noted in a 
few cases in which the samples were small. 
Experiments have shown that, under such 
circumstances, slow distillation of water 
from the specimen to the walls of the tube 
and the undersurface of the stopper may 
account for an increase in concentration 
of 10% or more. The number of analyses 
discarded for one of the above reasons is 
small in relation to the wastage due to 
insufficiency of serum. The question arises 
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TABLE 36. Chemical analysis of the blood. I. Total serum protein g%, and relat. ¢ ins 
percentage of electrophoretic protein fractions. Means, 95% confidence intervals, aid ) 25 
significance. sug 
hee 
Standard | 
ye 
Feeding groups deviation Mean if- 
of whole feren.e wit 
I II III IV series IvV- to 
Cor 
Maternal blood i 
dist 
Total protein 6.62 + 0.16 6.71 £0.20 6.65 + 0.24 6.74 +0.22 0.74 0.12 
Albumin 44.5 44.9 +166 45.3 +154 44.7 +1.64 5.76 0.19 
Globulins diu 
Oy 1.6 0.30 7.6 0.36 7.4 +0.30 7.4 +0.40 1237 — 0.07 me 
13.2 +044 13.2 £0.50 13.0 £0.54 12.8 +0.74 2.26 furt 
17.4 +0.52 17.5 +£0.66 17.3 +0.68 2.49 — 0.12 feec 
17.5 £0.68 17.1 £0.96 17.1 +0.90 17.7 £0.86 3.35 0.20?) 
Umbilical-vein blood onl\ 
Total protein 5.67 £0.16 5.90 + 0.22 5.84 +0.24 5.83 + 0.20 0.67 0.16 
Albumin 59.7 +£1.32 58.2 £2.00 57.5 +£1.68 6.41 —2.18 
Globulins Tol 
oy 5.1 +0.30 4.9 +0.36 5.0 +£0.40 5.1 +0.38 1.34 0.02 ao 
7.5 4044 7.4 +052 7.7 +046 7.7 +0.48 1.90 0.20 
8.4 +0.48 94 +1520 9.2 +0.92 9.0 +0.78 3.01 0.56 
y 19.3 +0.60 20.2 +0.86 19.9 +0.84 20.4 +0.72 2.84 1.10 pi 
Kjel 
“7 4 m’ blood KN 
Total protein 6.75 + 0.12 6.89 + 0.14 6.78 + 0.16 6.67 + 0.10 0.69 — 0.08 
Albumin 59.1 +1.06 60.0 +1.18 61.0 +1526 5.43 1.88 mult 
Globulins 6.25 
5.0 +0.18 5.0 +0.20 5.4 £0.24 5.2 +£0.22 0.88 0.18 
13.4 +0.52 13.4 13.5 +0.60 13.6 +0.62 2.61 0.19 
11.3 +0.34 11.3 +0.32 11.1 +0.40 10.6 +0.44 — 0.68 ton 
v 11.2 +0.56 10.7 +0.62 11.1 +0.70 9.8 +0.58 2.75 —1.40*** Bet a 
m’ blood 
Total protein 6.91 +0.14 7.08 +0.14 6.93 + 0.20 6.87 £0.16 0.49 — 0.04 iy 
Albumin 60.9 +1.32 59.9 +1.24 61.5 +162 60.9 + 1-32 4.45 0.03 
Globulins i 
54 5.3 +0.24 5.2 +0.36 5.2 +£0.36 0.85 0.11 the 
Os 11.4 +0.50 11.7 +0.44 11.9 +0.80 10.6 +0.54 1.84 — 0.85’ > gor 
11.2 +030 2046 11:3. £0.54 1.28 0:12 
Y 12.1 £0.70 11.9 +0.74 10.6 +0.94 11.8 +0.70 2.52 — 0.25 by 
Dre 
| repr 
Feeding groups. 1 birth-2 weeks, If 1-2} months, III 3-6 months, IV 6} months or more of plain bri ist "1 
feeding. } 
For number of samples analysed, see table 35. blo. 
The confidence intervals are given in Table 39. 
cor 
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in\ stigators, and with a control series of 
25 samples of cord and maternal blood,! 
suy ests that it cannot in any case have 
bec: of major importance. It should also 
be stressed that the selection was made 
wit!iout knowledge of the feeding groups 
to which the various samples belonged. 
Control calculations, in which parts of the 
discarded material was included and em- 
ployed for establishing quotients with so- 
dium as reference, showed in no case any 
further significant differences between the 
feeding groups at ‘7} months’. In the case 
of the electrophoretic findings, which are 
only represented by relative figures, the 
circumstances described are irrelevant. 


Tolul protein 


Methods. The total nitrogen was estimated 
on 0.10 ml of serum by a standard micro- 
Kjeldahl method. A mixture of CuSO, and 
K.SO, was used as catalyst. The total 
protein for each sample was obtained by 
multiplying the total nitrogen by the factor 
6.25. This factor was used in order to render 
possible comparisons with earlier investiga- 
tions. It is lower than that given by Cohn 
et al. (1946), but in this investigation no 
correction was made for non-protein nitrogen. 


The total mean for the maternal blood 
is 6.47 ¢%, which tallies fairly well with 
the ‘igures published by Oberman, Gre- 
gor\. Burke, Ross, and Rice (1956) and 
by Sternberg, Dagenais-Perusse, and 
Dre fuss (1956), but is slightly above those 
repo ted by Bouman (1956). 

T° total mean for the umbilical-vein 
blo. is 5.80 g%, which again is in ac- 
cor nee with earlier reports (Pfau, 1954; 
Ber man, 1955; Sternberg et al. 1956); 
Ob: man’s figures (1956) are rather higher 
(6.1 ¢9%%), and derive from a series of 26 


0 be published. 


cases. The results of the “74 months’ 
examination vary between 6.67 and 6.89 
g% (Oberman et al. reported a mean of 
6.68 ¢% for the age-group 7-11 months). 
The ‘30 months’ values are slightly higher, 
at 6.87-7.08 g%. 

A comparison of the values for total 
protein in the various feeding groups shows 
no significant differences, either at “7}’ 
or ‘30 months’. 


Protein fractions 


Methods. Paper electrophoresis was carried 
out in an apparatus described by Goa (1955) 
at 300 V for six hours in a veronal buffer, 
pH 8.6, «= 0.05. The amount of serum used 
was 0.01 ml, and this was applied to a What- 
man No. 1, 440 em paper in all runs. The 
protein components were dyed with 1 % 
bromphenol blue dissolved in 96 % ethanol, 
saturated with HgCl,. The excess dye was 
removed by 0.5% acetic acid as described 
by Kunkel and Tiselius (1951). The resulting 
coloured zones were cut out and the dye 
eluated with 0.2 N NaOH in 96% ethanol 
(vv =1/1) for two hours. The extinction of 
the eluates was finally read at 595 my in a 
Beckman spectrophotometer model B, using 
1 cm cuvettes. 


The results, expressed per cent of the 
total protein, are collected in Table 36. 


Albumin. 


The total mean for the maternal blood 
was 44.8%. This figure tallies with that 
(1956), but is 
rather higher than that reported by Ober- 
man et al. (1956). Bouman (1956), on the 
other hand, found a much higher mean 
(58.8%). 

The mean value for umbilical-vein blood 


given by Sternberg et al. 


was 58.6%. Beckman reported a value of 
58.18% for his series, and Oberman et al. 


50.27%. The means for the ‘74 months’ 
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examinations varied between 59.1% and 
61.0%, and the ‘30 months’ value be- 
tween 59.9% and 61.5%, among the 
various feeding groups. The difference at 
‘7; months’ between group IV and group 
I is of only probable significance (*). 

%,-globulin. 

The total mean for the maternal blood 
was 7.5%, and for the umbilical-vein blood 
5.1%. The mean for the ‘74 months’ tests 
varied among the various feeding groups 
between 5.0 and 5.4%, and for the ‘30 
months’ between 5.1 and 
Widely diverging figures are to be found 


tests Did 
in the literature concerning the «,-globulin 
(Mancia, 1954; Drevon, Pigeud, and Doni- 
kian, 1955; Sternberg et al., 1956; Oberman 
et al., 1956). The results we have obtained 
accord fairly well with those published by 
Kropp (1950). The scatter for the entire ser- 
ies is less than seems to have been usual in 
earlier investigations. Concerning the «,- 
globulin, the differences that exist between 
the feeding groups are only very small, 
and in no eases are they significant. 

%y-globulin. 

The total mean for the maternal blood 
was 13.1% and for the umbilical-vein 
blood 7.6%. The means for the ‘73 months’ 
13.4 and 13.6%, 
tests between 


tests varied between 
and for the ‘30 
10.6 and 11.9%. The difference between 
the feeding groups IV and [ at ‘30 months’ 


months’ 


is of only probable significance (*). 
p-globulin. 

The total mean for the maternal blood 
was 17.3%, and for the umbilical-vein 
blood 8.9%. The mean for the ‘74 months’ 
tests varied between 10.6 and 11.3%, 
and for the ‘30 months’ test between 11.0 
and 11.3%, among the feeding groups. As 
can be seen from the table, again there 


BREAST FEEDING AND ARTIFICIAL FEEDING 


are no highly significant differences e- 


tween any of these. 

y-globulin. 

The total mean for the maternal blvod 
was 17.4%, which tallies closely with 
figures reported in the literature (Oler- 
man et al., 1956; Sternberg et al., 19.6). 
The total mean for the umbilical-vein 
blood was 20.2% (Kropp gives a mean 
value of 20.5%). At ‘7} months’ the 
means varied between 9.8 and 11.2 %, and 
at ‘30 months’ between 10.6 and 12.1 % 
among the different feeding groups. ‘lhe 
figures obtained tally, on the whole, well 
with the results of Oberman et al. (1956), 
and others, and the difference between the 
y-globulin level in the umbilical-vein blood 
and samples taken subsequently is of the 
same order of magnitude as reported in 
earlier series (Caspari, Negri, and Sticca, 
1956; Pfau, 1954; Velasco, Lobo Parza, 
Yaues, and Gonzales, 1956; Oberman, 196). 

There is a highly significant (***) differ- 
ence between groups I and IV at ‘7} 
months’, group I showing higher values 
than group IV (the late-weaned infants). 


Phosphorus and alkaline phosphatase 


Methods. ‘Inorganic’ (acid-soluble) plios- 
phate and alkaline phosphatase were deter- 
mined on the same sample of serum. ‘lhe 
phosphatase activity was assayed as the 
amount of phosphate liberated at the opti- 
mum pH, 10, during 15 minutes. A unit 
of phosphatase was defined as the amount 
of the enzyme required to set free 0.33 mg 
of phosphorus under the conditions of the 
test.1 The reagents and procedure descri 


by King (1946) were employed for the assay | 


of enzymatic activity. The phosphate 
analysed by a modification of the phosp! ate 
method described by Magnusson and Sy! van 


1 Since 0.33 mg phosphorus corresponds to mg 
phenol the unit is equivalent to that use: b) 
King and Armstrong (1934). 
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TarLE 37. Chemical analysis of the blood. II. Phosphorus, alkaline phosphatase, calcium, 


sodium, and potassium. Means, 95 % confidence *ntervals, and significance. 


Standard 
deviation Mean dif- 
of whole ference 
I II III IV series IV-I 
Phosphorus M 3.56 + 0.30 3.56 + 0.44 3.57 £0.58 3.69 £0.38 0.92 0.13 
mg per 100ml 0 5.80 + 0.30 6.02 + 0.50 5.83 + 0.44 5.50 + 0.36 1.24 — 0.30 
74 6.22 +0.14 6.32 + 0.20 6.18 + 0.22 5.85 + 0.16 0.77 — 0.37*** 
30 5.72 + 0.54 6.28 + 0.52 5.72 + 0.60 6.53 + 0.56 1.50 0.81* 
Alkaline M 18.25 + 1.66 16.00 + 1.90 18.36 + 1.90 17.54+1.94 6.33 — 0.71 
phosphatase 0 10.98 + 1.72 11.22 + 2.00 11.26 + 2.02 11.30+1.60 6.08 0.32 
units/ml 74 13:22 + £20 18.08 + 1.20 18.25 +1.94 15.94 + 1.26 5.64 — 2.28** 
30 17.24+1.20 16.00 + 1.28 16.44 +2.68 17-165 4.33 0.52 
Caleium M 9.62 + 0.32 9.66 + 0.40 9.62 +£0.36 9.41+0.34 1.17 — 0.21 
mg per 100 ml 0 10.66 + 0.50 10.54 + 0.40 10.24 + 0.60 16.24 + 0.46 1.47 — 0.42 
74h 10.19 +0.16 10.51 + 0.24 10.37 + 0.34 10.73 + 0.28 0.95 0.54*** 
Sodium M 137.06+1.62 138.49+2.56 138.21+2.90 138.51+2.46 6.84 1.45 
mEq/1 O 141.46+2.02 144.94+2.46 142.00+1.64 137.66+2.10 6.38 — 3.80** 
140.4141.26 140.44+1.52 138.6742.78 141.11 41.88 5.57 0.70 
Potassium M 4.47 +0.18 4.43 + 0.24 4.78 + 0.48 4.64 + 0.32 0.89 0.17 
mEq/1 0 5.50 + 0.38 6.00 + 0.60 5.90 + 0.60 5.44 + 0.28 1.19 — 0.06 
73 4.96 + 0.20 4.89 + 0.16 4.72 + 0.30 4.83 +0.18 0.67 — 0.13 


Feeding groups. I birth-2 weeks, II 1-2} months, III 3-6 months, IV 6 } months or more of plain breast 


feeding. 


M = Maternal blood, 0 = umbilical-vein blood, 7 4 


For number of samples analysed, see table 35. 
The confidence intervals are given in Table 39. 


(1930). The control sample in this estimation 
also served for the determination of acid- 
soluble phosphorus. 

All determinations were done in duplicate. 
The standard error of the method was cal- 
culated from the duplicates. The standard 
of a single analysis was +2.1% for 
acid-soluble phosphorus and +2.9% for al- 
kaline phosphatase. 


error 


Te results can be seen from Table 37. 


P osphorus. The total mean for the 


ma‘ rnal blood at delivery was 3.60 mg %. 
The figure for umbilical-vein blood is 
hig! or, at 5.78 mg%. Todd et al. (1939) 
giv a value of 5.5 mg % for the umbilical- 
vei! blood, and Graham, Barness, and 


and 30 =blood obtained at ‘7 m’ and ‘30 m’. 


Gyorgy (1953) report 5.7 mg% in the 
‘capillary’ blood of new-born infants who 
had not yet been fed. At ‘74 months’ the 
total mean was 6.15 mg%, and at ‘30 
months’ 6.09 mg %. 
Concerning the ‘73 months’ figures, 
there is a significant (***) difference be- 
tween the extreme groups, I and IV, and 
between groups IT and IV. The bottle-fed 
infants thus have a higher serum phos- 
phorus than the breast-fed, as Graham 
et al. (1953) demonstrated in infants during 
the first month of life. Concerning the 
‘30 months’ values, there are no highly 
significant differences between the groups. 
The alkaline phosphatase values were 
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strikingly lower in the umbilical-vein blood 
than the maternal blood (11.2 and 17.6 
units respectively, see Table 37). At “74 
months’ and ‘30 months’ the total means 
were 17.6 and 16.9 units respectively. At 
‘74 months’ the figure for the plain- 
breast-fed group (IV) is significantly (**) 
lower than that for the other groups (I, II, 
and IIT). 


Calcium 


Methods. Calcium was determined on 0.2 
ml samples of serum by direct titration a- 
gainst ethylenediaminetetraacetate (EDTA), 
using murexide as indicator (Schwarzen- 
bach, Biedermann, and Bangerter, 1946), 
as described by Lehmann (1953). 

All determinations were done in duplicate. 
The standard error of the method was cal- 
culated from the duplicates. The standard 
deviation of a single analysis was found to 
be +1.0%. 


The calcium values are given in Table 37. 
The total mean for the maternal blood 
was 9.58 mg%, as compared with 10.46 
mg% in the umbilical-vein blood. The 
latter value is almost identical with that 
found in ‘74 months’ infants, 10.47 mg %. 
The figures seem to correspond closely to 
reports in the literature (cf. Stearns, 1939; 
Gyllenswird and Josefsson, 1957). The 
difference between groups I and IV at ‘74 
months’ is significant (***), the infants 
reared at the breast showing the higher 
level. Similar findings have been published 
by Graham et al. (1953). Calcium estima- 
tions were not carried out at ‘30 months’. 


Potassium and sodium 


Methods. The determinations were per- 
formed as follows. Serum was diluted 1:100 
with redistilled water containing 0.03% of a 
non-ionic wetting agent (Berol WMA-09). 
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A mixed stock standard containing 40 tic 
mEq/1 of sodium and 4.2 mEq/I of potassi im § a 
was diluted in the same manner. The ser im | fe: 
samples were read against the diluted sta id- | gj, 
ard in a Beckman mode] DU spectroph« to- 
meter with a No. 9200 flame attachment. | 
All determinations were made in duplic: te. | 
The standard error of the method was cal- | ad 
culated from duplicate determinations of 
sodium and potassium. The standard devia- po 
tion of a single analysis was +1,8 mEq/I for ine 
sodium, and +0.16 mEq/l for potassium. aa 
As a control of the method, serum from } I a 
60 healthy adults (students and laboratory | the 
staff) was examined. The mean values ‘ 
and confidence intervals were, for sodium } gro 
141.2+3.1 mEq/l, and for potassium {| mo 
4.20+0.45 mEq/l. cal 
The results of the sodium and potassium } to 
determinations are shown in Table 37. ) cer 
The total mean sodium level for the ma- oth 
ternal blood was 137.9 mEq/l, for the} int 
cord blood 140.9 mEq/l, and for infants} the 
aged ‘74 months’ 140.3 mEq/l. There are} © 
no differences between the feeding groups. | Sigt 
The total mean potassium of the maternal | Sim 
blood, 4.56 mEq/l, was considerably lower , sev‘ 
than that of the umbilical-vein blood| the 
(5.66 mEq/l). The figure for infants ayed| to | 
‘74 months’ was 4.88 mEq/l. Sodium and| 
potassium estimations were not carried | 
out at “30 months’. 
There were no significant differences at / 5 


‘74 months’ between the different feed ng 


groups. 


Discussion 


With regard to total serum protein ie 


there was no significant difference e- | 
tween the groups. The gamma-globr lin 
level was significantly higher in gro ips 
I, II, and III than in group IV. " ‘he 
reason for this is not clear. One expla 1a- 
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40 } tio. would be that this difference reflects even in children. A high intake of cow’s 
ssi.im a diiference in the general pattern of in- milk would then result in a low serum 
ser im | fection between the different groups (see calcium, and an increased propensity to 
ta id- | discussion, p. 67). Another possibility develop tetany (Bakwin, 1937; Gardner, 
— mig!it be that species-non-specific protein 1952). It is uncertain, however, whether 
“* . or other substances (e.g. milk bacteria) this would apply in the case of moderate 
s cal. | administered had acted as antigen. divergencies of the order of magnitude 
ns of } There were no other differences of im- encountered in this connexion. 
Jevia- | portance with regard to the electrophoretic It is noteworthy that the infants that 
1/I'tor | fractions. The very slight difference in received cow’s milk (groups I, II, and IIT) 
i relative albumin content between groups also showed significantly higher alkaline- 
from } I and IV can be regarded as secondary to phosphatase values than those reared 
atory | the globulin difference. solely at the breast (group IV). Thus there 
aden The significantly higher calcium level in was a calcium—alkaline-phosphatase shift 
dium | group IV compared with group I at ‘74 in the same direction as in rickets. The 
ssium | months’ indicates clearly that the serum _ similarity is clearly only a superficial one, 
calcium does not stand in direct relation however, as the serum-phosphorus level 
ssium } to the calcium content of the diet. Con- was also raised, and X-ray examination 
e 37. ) cerning the inorganic phosphorus, on the of the bones in no case revealed signs of 
e ma- other hand, the amount of this substance rickets. 
» the | in the diet is reflected in the serum level: There was no significant difference be- 
fants | the groups that received some amount of tween the feeding groups with regard to 
re are} cow's milk (groups I, II, and III) showed other components. 
‘oups.| significantly higher levels than group IV. The results presented represent a very 
ternal} Similar experience has been reported by considerable normal series for certain 
lower | several teams. It has been maintained that childhood age groups. Owing to the cir- 
blood | the serum calcium may be inversely related cumstances discussed on p. 75, we do not 
aved| to the serum phosphorus, and that the wish to stress this, but have used the 
n and} product calcium x phosphorus is constant figures only for purposes of comparison. 
arried | 
edng, > Appendix, A Comparison Between Artificial Mixtures Prepared 


from Fresh Milk and Dried Milk 


from fresh and dried milk. No special 
measures were required for this purpose. 


) D-ring recent years commercial dried- 


' milk products have come more and more 


“4 " (into ise in infant-feeding in Sweden. When In the township of Kiruna the supply of 
= plat ing the investigation now described, fresh milk of really high quality is at 
ro Ips it w s decided at the same time to collect times limited, and a commercial dried- 
- he °° ‘h material to compare the results of milk preparation for infant-feeding is a 


) arti cial feeding with mixtures prepared boon of which advantage is often taken. 


Ja 1a 
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TABLE 38. Comparison between fresh milk and dried milk preparation. Means, feedi 
group I. 


The prefix — indicates that the values for dried milk were the higher. 


Differenc 
Fresh milk Dried milk fresh mil 
Time n = 83} n= 60! dried mi! 
Sedimentation rate mm/1 hr 10.5 9.4 
Haemoglobin, % 81 81 0 
‘74 m’ Weight gain, kg 5.75 5.20 0.55* 
Ossification centres 13.3 14.0 — 0.7 
Height, cm 69.8 70.3 —0.5 
Sedimentation rate mm/1 hr 11.3 + 
Calcium, mg % 10.2 10.1 0.1 
Phosphorus, mg % 6.2 6.2 0 
Alkaline phosphatase, units/ml 17.0 20.2 Sig 
%-globulin, % 13.3 13.7 — 0.4 
8-globulin, % 11.2 11.3 =0:1 
y-globulin, % 11.4 11.0 0.4 
3-—74m Rhinitis 1.01 1.15 — 0.14 
(B-period) Cough 0.81 0.90 — 0.09 
Otitis media 0.10 0.05 0.05 
Upper resp. inf. with pyrexia 0.39 0.25 0.14 
Acute diarrhoea 0.41 0.15 0.26* 


Feeding group I. Plain breast feeding birth 


2 weeks. 


1 Total number of infants. Some data do not embrace every individual. 


In the country district of Tére-Ranea, the 
supply of fresh milk is good, and it is 
natural that such milk is used to a great 
extent in artificial rearing of infants. 

The composition of the artificial mixture 
employed is described in Chapter V. It can 
be seen that a 1:1 milk-and-water type of 
mixture was used in the case of both fresh- 
and dried-milk feeds. 

The fresh-milk and dried-milk series are 
compared with regard to the same points 
as those taken up in the comparison of 
breast feeding and artificial feeding (sec- 
tion 1-4 of this chapter). Group I only 
is employed. Any difference ought rea- 
sonably to appear most plainly within 
this group, since the infants had been 
fed by the bottle from very early age. 


The comparison was made between tlie 
results of examinations carried out at 
‘3m’ and ‘73 m’. Concerning the frequency 
of infection, term / (3-73 months) only wis 
employed, since in the present connexion 
it may be considered to be the most il!'i- 
minating (Fig. 8, p. 63). 

The result of the comparison is sen 


from Table 38. The weight-gain at ©} 


months’ showeda significant (**) differen 

the ‘fresh-milk’ values being the high. r. 
The most obvious explanation would ¢ 
that these infants must for some reas 1 
have consumed larger quantities of m: «. 
In any case it cannot be warranted ‘0 
conclude on the basis of these sim le 
findings that a difference of biologi al 


significance exists between the two grou 's. 
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RESULTS 


Th re was also a significant (**) difference 
} wit regard to the serum-alkaline-phos- 
phatase values. Even though the difference 
is slight, the slightly higher value for dried 
milk is surprising, since at the time of 
the tests this was enriched with a small 
quantity of vitamin D. 

The higher mean for acute diarrhoea in 
the fresh-milk intriguing but 
since the significance of the difference be- 


group is 


tween the groups does not exceed the 5 % 
} level, it is probably best to refrain from 
speculations, 

Discussion. In the manufacture of dried- 


— 


milk products constantly improving meth- 
ods are being adopted, and the risk of 
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structural changes that may adversely 
affect the nutritional value of the food is 
being cut down. The possible differences 
between dried-milk and fresh-milk mix- 
tures are reduced before consumption 
partly the usually 
prepared from pasteurized milk, and partly 


because latter are 
because the milk is in any case usually 
brought to the boil during the preparation 
of the feed. 

The findings summarized support the 
contention, daily borne out in practice, 
that there is no great difference between 
the results of feeding with fresh- and dried- 
milk mixtures, if the latter are prepared 
according to modern concepts. 
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General Views on the Concept of Optimum Nutrition 


The criteria of optimum nutrition are 
still vague in many respects. Even in the 
absence of frank illness, function may be 
sub-optimum, and no clear limits can be 
defined. Furthermore, wide individual 
variations conditioned by genetic factors 
must be taken into consideration: what in 
one individual is optimum may be dis- 
tinctly sub-optimum in another. These 
individual variations are even more ap- 
parent in growing subjects than in adults, 
since irregularities in the phases of de- 
velopment may magnify the individual 
variations, which are independent of these 
phases. 

Much attention has been paid, in the 
work here described, to carrying out sero- 
logical and chemical investigations in 
addition to purely clinical observations, 
with the object of elucidating the problem 
of the relationship between breast and 
artificial feeding. From the start it has 
been stressed that even these methods can 
reflect only roughly the true picture. It is 


known, for example, that considerable 


of | 
san 
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at 2 

Health is ‘a state of complete physical, mental} at 4 

and social well-being and not merely the absence} at 6 

of disease or infirmity’. — Definition in the In 

preamble to the Constitution of the World Health ‘ 
Organization. 

ence: 
tests 
has | 

composition of the blood. One of the most Conc 
important new trends in nutritional re- with 
search will undoubtedly be a multilateral isim 
approach to the problem based on quan. p ©! 
titative determinations of not only the} diver 
concentration of certain important sub- refle« 
stances in the blood at a given moment, deter 
but also the total blood and tissue content} indis 
of these substances. In other words, the the 
means of making a ‘dynamic’ approach isolat 
may be expected to improve successively | hype 
even in clinical research. The use of iso-| iios) 
topes and immune-biological methods has mon! 
already widened the path of approac). facto 
The main object of the work now de-) thou: 
scribed has been to compare chil ven} duri 
reared at the breast and artificially, wi der f exel 
conditions such that differences concer! ing later 
factors other than the mode of fee: ing doe: 
were kept to a minimum. Such differe: ces bre: 
can never be completely eliminated In aloi 
many investigations, however, espec of) 
in the past, hygienic conditions, for ex-) 7 
ample, were such that their effect gre itly fact 
exceeded any that can have been du» to hig! 
purely nutritional differences. 


changes can take place in the composition 
of tissue which are not reflected in changed 


In many parts of the world the incid nee 


\ 


Poof | cast feeding is tending to fall, and the 
sam is true of Sweden. But the situation 
in this country is still good enough to make 
possible a study of the present kind with- 
out any difficulties. The figures for plain 
breast-feeding in the two research districts 
at 2 months varied between 45 % and 55 %, 
ental) at 4 months between 28 % and 40%, and 
sence} at 6 months between 20% and 30%. 
| the In this investigation, a considerable 
ealth) ries was employed to obtain reliable 
} average figures and to detect any differ- 
ences between groups. For some of the 
tests only small series were available, as 
has been the case in many previous studies. 
most} Conclusions can be drawn from these only 
1 re-| With great caution. On the other hand, it 
‘oval ) is important to stress that large series may 
ian opin a few individuals with some widely 
the} divergent mode of reaction that is not 
cub. teflected in the usual mean and scatter 
vent. } determinations. This state of affairs is of 
tent | indisputable importance in connexion with 
the} the problems of our investigation. In 
each | isolated instances a child will show marked 
‘vely ypersensitivity to cow’s milk (cow’s-milk 
sal idiosynerasy) or to ingredients in com- 
-has} Monly-used feeds (for example, gluten 
|, | faetor in coeliac disease). It is also possible, 
de. thouzh hardly proved, that cow’s milk 
dven| during the earliest period of life may 
rder? exer ise some antigenic effect that at a 
; il later stage may be unfavourable and that 
« ing} does not take place in children fed at the 
brea On the other hand, breast milk 
In} alon . owing to its relatively low content 
of p »tein and mineral substances, may be 
we ina’ quate if the requirements of these 
itly fact s are for some reason particularly 
tof hig! as in premature infants. 
I assessing results of nutrition it is 
an esse ‘ial to bear in mind that there is a 
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constant interplay between the nutritional 
factor and a variety of other environ- 
mental factors that may be operating at 
the time or that might at some earlier date 
have exercised significant influence. Thus, 
in this case, the question arises of influence 
upon the fetus of the mother’s health 
during the pregnancy. Many comprehen- 
sive investigations have been designed to 
elucidate this problem, but the results 
have been conflicting (Ebbs, Tisdall, and 
Scott, 1941; Burke, Beal, Kirkwood, and 
Stuart, 1943; Sontag and Wines, 1947; 
Smith, C. A., 1949; Toverud, Stearns, and 
Macy, 1950; Moyer, Kelly, Macy, Mack, 
DiLoreto, and Pratt, 1954; McGanity, 
Bridgforth, and Darby, 1958). Critically 
viewed, however, they suggest that sub- 
clinical or even mild manifest deficiency 
states in the mother do not generally 
affect unfavourably the health of the 
infant. If this impression is correct, there 
is little reason to suppose that the chil- 
dren that took part in our investigation 
have suffered in this respect before birth, 
and in any case the inquiry we have 
carried out into the health of the mothers 
and into the dietary habits of these families 
has provided no evidence to indicate that 
any such difference exists between the 
groups. 

Our study embraces only the period 
from birth to about 24 years of age. This 
is a brief spell in a human life. It cannot, 
of course, be excluded that late effects of 
the considerable, important difference in 
mode of feeding during infancy may 
subsequently appear, but so far no evi- 
dence for this has been presented in the 
literature. Available data would on the 
contrary suggest that the organism has an 
exceptional capacity for equating the re- 
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sults of former nutritional deficiencies. 
An example of this is the apparently 
complete restitution of certain grave dys- 
trophic states, including typical kwashi- 
orkor, within a comparatively short time. 
And it has long been known that the 
skeletal changes associated with rickets 
tend to recover to a remarkable extent. 

The artificial feeding used in the inves- 
tigation now described was the simplest 
possible. It is conceivable that other mix- 
tures, for example with lower mineral 
content, might eliminate some of the dif- 
ferences observed between the bottle-fed 
children and those fed breast milk alone. 
One fundamental feature cannot be modi- 
fied, however, and that is the type of 
protein—a correction of the quantity can- 
not be complemented with a correction 
concerning the considerable qualitative 
difference. 

In the investigation now described a 
comparison is made between children 
reared at the breast and children fed on 
a cow’s-milk from the bottle. 
Strictly speaking, an attempt ought to be 
made to refine the purely nutritional aspect 
of the problem by comparing two groups, 
both bottle-fed, the one with breast milk 


mixture 


and the other with a cow’s-milk mixture. 
For practical reasons such investigations 
are troublesome, especially if it is desired 
to use fresh breast milk, and have only 
been carried out in very limited forms 
(von Sydow and Faxén, 1954). At the same 
time it cannot be excluded that the occur- 
rence of breast feeding implies a better 
general standard of care than artificial 
feeding. There is reason to believe that 
this would be reflected mainly at a psycho- 
logical level, in connexion with the estab- 


lishment of emotional rapport, however, 
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and possibly also in the time of devel »p. 
ment of various accomplishments. 

One weakness in a comparative inve ‘ti- 
gation such as described here is that no 
data are available concerning the quant ity 
of milk consumed by the breast-fed _ in. 
fants. It is a known fact that the con. 
sumption of breast milk varies grea‘ ly, 
even among perfectly healthy infants of 
similar weight (Wallgren, 1944). In theory 
it would be possible to trace continuously 
the consumption of breast milk, but this 
is quite impracticable in a field study. 
Since, however, the content of organic 
constituents of the milk from different 
mothers varies, the total calorie-intake 
need not necessarily vary according to the 
volume of milk consumed. The consump- 
tion of artificial feeds also varies far more 
than the directions and notes would vive 
one reason to suppose, but may be as- 
sumed to be more constant than that of 
breast milk. These factors must be borne in 
mind in assessing the differences between 
both mean values and individual obser va- 
tions. 

As has been discussed in Chapter IT, the 
chemical composition of cow’s milk dif'ers 
in several fundamental respects from hat 
of human milk, including the nature of 
the fat and its content of unsatur: ted 
fatty acids. Cow’s milk contains 0.!')°% 
of these fatty acids, and human :iilk 
0.35%. During the period of the in- 
vestigation it has been demonstrate in 
several quarters that fat with a | igh 
content of unsaturated fatty acids t« ads 
to lower the blood lipids, which has g 


Ssl- 


rise to speculations concerning the p 


bility of prophylaxis against atherosc' 
sis by dietary means. Recently publi: ned 


preliminary data indicate that the e ect 
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named may exist even in infants (Pome- 
rai.ze, Goalwin, and Slobody, 1958; Lind- 
quist and Malmcrona). Our investigation 
was planned and started before the con- 
nexion between dietary fat and lipid meta- 
No estimations of 


bolism was known. 
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blood lipids were done. Certain available 
data suggest that there is no marked 
difference between the serum lipids of 
breast-fed and bottle-fed infants (Raf- 
stedt, 1955). 


Discussion of Some of the Observations Made 


It has been mentioned previously that 
the series was classified into four feeding 
groups with regard solely to the period of 
plain breast feeding. It is clear that the 
specific effect of breast milk, if there be any 
such effect, will not cease because a small 
quantity of cow’s milk is introduced into 
the diet: the period of supplementary feed- 
ing must also be significant. In order to ad- 
mit this point of view, another classification 
was tentatively tried, allowance being made 
for the period of pure breast-feeding and for 
the period of supplementary feeding (cf. 
Fig. 6, p. 46). 

The 4 groups obtained in this manner 
finally included 274 of the children, distrib- 
uted as shown in the figure. The effect of 
this classification has been compared with 
the other, based on the period of plain 
breast-feeding, for every factor. There have 
beet. some minor differences, but the con- 
clusions have not been affected on any ma- 
jor point. We are therefore not publishing 
the statistical analyses. 


‘lhe assessment of the effect of different 
mo es of rearing is primarily based on a 
con parison of the two extreme groups, 
I (: «rly weaned from the breast) and IV 
(we ned late from the breast). It would 
see: reasonable to assume that any exist- 
ing lifferences would be most pronounced 
het een these two. 
* nce in an investigation of this nature 
as stantial part of the material will in 


an’ case be referable to an intermediate 


position, it seemed correct to report these 
figures (groups II and IIT). They have also 
been included in the statistical analysis, 
but were used for calculations of differences 
in only a very limited number of instances. 
Some of the results are discussed in more 
detail in Chapter VII, to which the reader 
is referred. 

With regard to physical development 
more rapid gain in weight and height was 
noted at “7} months’ in group I (weaned 
early from the breast) than in group IV 
(weaned late). There was a corresponding 
difference in the development of ossifica- 
tion centres: in the case of the girls this 
reached the 0.1 % level, and for the com- 
At ‘30 months’ these 
differences were equated. 


bined series 1%. 


Expressed per cent, the difference be- 
tween groups I and IV at ‘7} months’ 
is greatest with regard to weight. It would 
of course be of considerable interest to 
know how these weight differences are 
distributed with regard to adipose tissue 
and the various organs, but for obvious 
reasons no such information is available. 

The differences in skeletal development 
are relatively small, but warrant attention 
nonetheless, since it is in general assumed 
that the growth of the bones is not par- 
ticularly sensitive to moderate variations 
in the quantity and composition of the 
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diet. With regard to the reasons for the 
differences noted, the first points to be 
considered are undoubtedly the very great 
differences in the total intake of the main 
nutrients, notably proteins, calcium, and 
phosphorus (cf. Table 6, p. 35). 

Clinical examination was carried out 
with great regularity throughout the first 
year of life. To illustrate the effectivity of 
the prophylactic measures, in not a single 
case could overt signs of deficiency disease 
be detected. Rickets is a constant threat 
in this part of the world. Although about 
3% of the infants showed raised serum— 
alkaline-phosphatase values, in no case 
was there X-ray evidence of this disease 
at either ‘7}’ or ‘30 months’. Another 
indicator of the efficiency of the medical 
welfare care is the incidence of anaemia. 
In our series at ‘7} months’ there were 
whom the 
haemoglobin was lower than 70% (10.3 
g/100 ml). In all feeding groups the aver- 
age level was 83-84% (12.3 g/100 ml), 
which matches nicely the generally ac- 


only 5 infants out of 402 in 


cepted normal value for the age. 

One of the most important features of 
the investigation was the careful recording 
of the incidence of acute infections. The 
material was particularly suitable for this 
purpose. Apart from a difference with re- 
spect to the number of siblings of school 
age, with a higher value in group IV, a 
detailed inquiry revealed close similarity 
between the feeding groups with regard 
to all significant points that might influ- 
ence the pattern of infection. Many earlier 
investigations have been open to serious 
criticism on this score. 

The number of cases of named infectious 
illness (measles, varicella, rubella, and 
exanthema subitum) was relatively limited 
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during the first year, as was anticipati d. 
Altogether 66 cases of this type of illn: ss 
were noted in a total of 63 infants. Th: re 
was no tendency to overrepresentation in 
any group or groups. 

The acute infections of the upper respiva- 
tory passages and gastro-intestinal tract were 
arranged in the following 5 groups: rhinitis, 
cough, otitis media, upper respiratory in- 
fection with pyrexia, and acute diarrhoca. 
With regard to cough and otitis media, 
higher values were noted in groups I + II 
(early-weaned) than in group IV (laie- 
weaned). The significance of these differ- 
ences does not exceed the 5% level. A 
calculation of the incidence of different 
types of infection (cf Table 30, p. 66) 
revealed a difference at the 1% level 
between groups I and IV, the values for 
the early-weaned infants being the higher. 
In evaluating these the 
possibility of a greater risk of infections 


observations, 


contracted by siblings at school among 
the infants of group IV should be borne 
in mind. 

At 3 months the figures for sedimen- 
tation rate differed significantly, rising 
successively through the groups, from | V 
to I. At ‘74 months’ there was no such 
difference. The 
pyrexial incidents was fairly small, and 10 
difference between the groups was est: |)- 
lished. There were no differences w h 
regard to the antistreptolysin and a) ‘i- 
staphylolysin titres. The gamma globu in 
content of the serum was lower in grc ip 
IV than in the other three groups, as ve 
shall see. 

Dental examination. The time of e1 
tion of the milk teeth did not show ¢ 1v 
difference of importance between the v: “i- 


number of cases wth 


ous feeding groups. With regard to 1¢ 
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incidence of caries at ‘30 months’, a 
} diference of probable significance was 


ob-erved, the values for group IT (early- 
weaned) being higher than those of group 
[V (late weaned). 

Antibody response. The post-vaccination 
titres of diphtheria, pertussis, and influ- 
enza B were measured. No difference could 
be established between the feeding groups, 
but in the case of influenza B there was 
too little material for statistical assess- 
ment. 

Biochemistry. With regard to the total 
serum protein no differences were recorded. 
Of the electrophoretic fractions the only 
one showing a difference of high signifi- 
cance was the gamma-globulin, which at 
‘7} months’ was lower in group IV than 
in the others. The serum calcium, phos- 
phorus, and alkaline phosphatase also 
showed differences, the two last-named 
being significantly lower in group IV at 
‘7, months’ than in the other groups, 
and the serum calcium at that time being 
significantly higher. At ‘30 months’ there 
were no longer any differences. 


‘The arguments presented have through- 
out been based upon a comparison between 
infants fed solely at the breast and infants 
weined to the bottle at some date before 
the ‘normal’ completion of nursing. Prima- 
rily the comparison has been between 
pla 1-breast-fed infants (group IV) and 
weaned from the breast within 
the first month of life (group I). In 
cer vin respects differences between the 
gro ips were established. These include 


bal-ies 


ph sical development, and certain clinical 
an biochemical findings. It cannot be 
ste ed unequivocally which of the figures 
ar the ‘normal’ ones. For instance, it 


cannot be established whether height-gain 
and development of ossification centres 
are accelerated in bottle-fed infants, or 
whether they are delayed in the breast-fed. 
Similar arguments may be put forward 
about the serum calcium, serum phospho- 
rus, and serum-alkaline-phosphatase. With 
regard to certain other data the answer 
can more readily be given. If the incidence 
of infection is indeed lower with a certain 
type of rearing, this must be interpreted 
as evidence of the superiority of that type 
of rearing provided it has no essential dis- 
advantages in other respects. In this in- 
vestigation there has been a tendency to- 
wards lower incidence of acute upper 
respiratory infections among the infants 
reared solely at the breast for a long 
period (group IV) than among those 
weaned early from the breast (group I). 
The difference became significant only 
when a special classification was adopted, 
hovewer, regard being paid to the aver- 
age incidence of different types of infec- 
tion. On comparison of the incidence of 
infections of a given type or of the total 
number of all types of infective incidents 
the differences were never more than prob- 
ably significant. 

The present study is by no means ex- 
haustive, with regard to the assessment of 
breast feeding compared with cow’s-milk 
feeding. We have endeavoured to achieve 
an objective appreciation of certain aspects 
of the problem, by using certain new con- 
ceptions and a combined clinical, bio- 
chemical, and serological approach. Many 
features are not touched upon. The prin- 
cipal of these is the psychological side of 
the problem. Nursing implies continuous, 
between mother and 


intimate contact 


child, which cannot be guaranteed in bottle 
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feeding even if the possibility of such 
rapport is not excluded. With regard to 
the somatic result of rearing, it has already 
been stressed that averages and figures for 
scatter cannot provide a complete picture. 
The large groups may contain individuals 
for whom a certain mode of rearing may 
be of much greater importance than would 
appear from the final, calculated averages. 
It is possible that such ‘brittle subjects’ 
may in isolated cases be totally concealed 
because unsuccessful attempts at weaning 
to the bottle resulted in continuation of 
breast feeding over a period longer than 
would otherwise have been the case. This 
may have occurred, but its importance in 
practice is probably small. 

Important points have been omitted, 
and these include the lipid question and 
matters concerning the intestinal flora. 
With regard to the latter, the fundamental 
differences between breast- and bottle-fed 
infants have long been recognized, but 
practically nothing is known about their 
possible significance. About the lipids, it 
is clear that the content of unsaturated 
fatty acids is higher in human milk than 
cow’s-milk mixtures, but 


in the usual 


again hardly anything is known about 


whether this is of any biological impcr- 
tance, since the cholesterol-reducing effc ct 
of the unsaturated fatty acids reported in 
experiments on animals and man has be -n 
apparent only with fairly extreme varia- 
tions in the diet. 


It must be stressed that the investiya- 


tion now presented is based upon a coin- 
parison between breast feeding and a 
certain defined type of artificial feeding. 
It is possible, and even probable, that 
some of the observations, for instance 
those concerning weight- and height-gain 
and development of ossification centres, 
might have been different if another cow s- 
milk mixture had been employed. 

Finally, it is extremely important con- 
stantly to bear in mind the fact that 
throughout the investigation all the par- 
ticipating infants were kept under strict 
clinical observation. Under less favoura| le 
circumstances, particularly with regard to 
hygiene, certain of the findings might well 
have been different. This is exceedingly 
important with regard to the conditions 
prevailing in developing countries, where 
breast feeding may still spell life or death 
for the infant. 
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SUMMARY 


Previous investigations 


‘he monograph opens with a survey of 
the literature (Chapter I) comprising 20 
pages. In a separate section on the com- 
parative biochemistry of human and cow’s 
milk (Chapter II) the usual chemical data 
are dicussed and in addition the results 


given of certain recent studies. 


Personal investigations 


The series consists of 402 infants. In 
those cases in which breast feeding could 
not be carried through to the full the diet 


was supplemented with a 1:1 mixture 


of cows milk and water with 5% of 
sugar and 1% of wheat flour. Every 
child was frequently and regularly exa- 
mined during the first year of life, 
and subsequently kept under observa- 
tio.’ in accordance with the standard 


chi'd-welfare-centre pattern. Special in- 
ve-‘igations involving clinical examina- 
blood tests for chemical and serologi- 
cal stimations, and at certain ages X-ray 
of t 1e bones and dental examination, were 
ed out at birth, ‘7 } months’ (90 % 
of he children were aged 6-9 months), 
an “30 months’ (90 % aged 26-34 months). 
Th timetable for the special investiga- 
ti s and for certain of the immunization- 


pr -edures is shown in Fig. 4, p. 41. 


Results. The series was divided into 4 
groups, according to the duration of 
breast feeding (see Fig. 6, p. 46). The 
confidence interval was systematically 
calculated between the extreme feeding 
groups, that is, between the infants weaned 
very early (group I) and very late (group 
IV) from the breast. The findings for the 
intermediate groups were also taken into 
account in the statistical assessment of the 
results, but only in part of the series 
were they utilized in estimating con- 
fidence intervals. 

A survey of those results that led to the 
calculation of confidence intervals is to be 
found in Table 39, p. 92. These are com- 
mented upon in full in Chapter VII. 

With regard to physical development 
(weight, height, ossification centres), the 
values were significantly higher at ‘7 3 
months’ for group I (early-weaned) than 
for group IV (late-weaned). 

The frequency of certain acute infections 
(cough, otitis media) was higher in groups 
I and II (early-weaned) than in group IV 
(late-weaned), but the differences are mod- 
erate. and the degree of significance does 
not exceed the 5% level. A comparison 
with regard to different types of infection 
shows a higher incidence (**) in group I 
(early-weaned) than in group IV (late- 


weaned). 
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TABLE 39. Condensed figures for confidence intervals collected from the various tai les 


of results. 
The figures in the table represent the differences between group IV (late-weaned) and gro.) | 
(early weaned). The prefix — indicates that the values for group I were the higher. #1 
sit 
Table ‘3. months’ ‘74 months’ months’ 0-12 mor ths 
Clinical examination pt 
Weight-gain, kg. 19 — 0.03 +0.13! — 0.62 +0.25*** —0.66+0.51* 
Height, cm. 20 6 —-1.0 +0.85* +1.4 
+1.0** 9-09 +1.5 no 
Ossification centres 21 3 -0.3 +0.7 36 -0.7 +3.7 on 
2 -1.4 +1.1*%* 9-15 +45 
$+ 9 -0.9+0.7* th 
Haemoglobin, % 23 20 0:0 216 0.0 +1.9 
Sedimentation rate, > 
mm/hour 25 —3:2 +1.5***1 ar 
Acute infections of the : 
Wi 


upper respiratory tract 
and acute diarrhoea 28, 29 


ph 


Frequency of Rhinitis +0:22? 
Cough — 0.28 + 
Otitis media 5 + 0.04? 
Upper resp. 
infections 
Ww. pyrexia 0.04 + 0.13? 
Acute 
diarrhoea — 0.02 +0.11? 

Incidence of different 

types of infection 30 20.22" 


Dental examination 
Time of eruption of teeth® 31 
Incidence of caries 3: A 0.78 +1.604 
B 0.33 +0.98! 
B-A — 1.29+1.2*# 


Antibody response to immunization 


Diphtheria, units/ml Fig. 10 
Pertussis, titres Fig. 11 3 : 
Biochemical analysis ] 
Total protein, g% 36 0.08 + 0.16 — 0.04 + 0.21 
Electrophoretic values, % > 
Albumin 36 0.0 +1.9 
«,-globulin 36 0.2 +04 0.1 +04 
%-globulin 36 02 +0:7 —0.8 +0.7* 
f-globulin 36 07 0:1 
y-globulin 36 1.4 +0.8*** =62 = 10 
Phosphorus, mg°%o 37 0.37 +0.21*** 0.81 +0.77* ] 
Alkaline phosphatase, 
units/ml 37 05 
Calcium, mg% 37 0.54 + 0.32*** 
Potassium, mEq/1 37 — 0.13 + 0.27 


' Comparison of groups IV +III with group I. 

* Comparison of group IV with groups I+II during the age period 3 
° No difference between the different feeding groups. 

4 For explanation see p. 69. 


-7 months, see Table 29. 


\ 
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SUMMARY 


The incidence of caries at ‘30 months’ 
is \igher in group II (early-weaned) than in 


up IV (late-weaned), but the degree of 


cnificance does not exceed the 5 % level. 


lhe antibody response to diphtheria and 
pertussis immunization shows no signi- 


‘icant difference between any groups; and 


no significant difference is found with 
respect to influenza vaccination, but in 
this case there was very little material. 

Concerning the serum biochemistry, there 
are notable differences at “7 3 months’ 
with regard to gamma-globulin, calcium, 


phosphorus, and alkaline phosphatase. 
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As an appendix a comparison is made 
between two sub-groups of group I, of 
which one had received a 1:1 feed prepared 
with fresh milk and the other a similar 
mixture made from a dried-milk prepara- 
tion. A significant (**) difference was 
revealed with respect to weight-gain and 


the serum level of alkaline phosphatase. 


It should be stressed that the results 
presented refer to a certain defined type of 
artificial feeding, and furthermore that all 
the participating infants were kept under 


strict clinical observation. 
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BO VAHLQUIST, FIFTY YEARS 


When Bo Vahlquist acceded by invitation to the professorship in pediatrics at Upp- 
sala University in 1950 great things were expected of him. His earlier contributions to 
Swedish pediatrics and his scientific achievements were adequate grounds for such 
expectation. He has without doubt attained to the stature of a pioneer figure in European 
pediatrics and to a dominant position among Swedish pediatricians. He has made the 
Uppsala Children’s Clinic a renowned center for research, to which pediatricians from 
near and far seek training and assistance in solving scientific problems. 

Vahlquist is distinguished by clear-sightedness in dealing with actual problems, by 
meritorious research planning, and by carefully prepared experimental procedures. This 
is not the appropriate place to give an account of his numerous contributions. I will only 
briefly allude to his most important work. His first significant contribution concerned 
the iron content in the serum during normal and pathological childhood conditions. This 
investigation and a series of many-faceted hematological studies preoccupied him during 
the carly nineteen-forties. Subsequent publications by his pupils and by himself disclose 
that he still entertains a predilection for the hematology of childhood. His hematological 
investigations have gained him recognition in wide scientific circles both within and 
without the borders of our country. Toward the end of the nineteen-forties Vahlquist 
began work on fresh research tasks and foremost among these were immunity problems 
in diphtheria. These studies led him to investigate the immunity attained by vaccina- 
tion. For several years he has pleaded for a more extensive use of triple vaccination 
of infants in our Childrens’ Welfare Centers, in order to produce a basal immunity 
against at least three infectious diseases, namely diphtheria, pertussis and tetanus. 
During the past five years, Vahlquist has devoted his investigative efforts also to other 
pedi trie problems and to problems bordering on pediatrics. Foremost among these is a 
soci’! hygienic study of infant nutrition. The latter, chiefly conducted as a field study 
in lJaboration with a group of fellow-workers, is especially broadly planned and com- 
pre! nsive, and necessitates a gigantic expenditure of time and efforts. At present we 
kno only certain detailed results of this investigation. Hence it is with keen anticipa- 
tio. hat we await the final results which will be published sometime this spring. 

I, more recent years Vahlquist has become deeply engaged in social medical work for 
han ‘capped (cerebral paretic) children. With purposefulness and energy he has steadily 
bec: ne a dynamic central figure in this heretofore neglected field. The opposition 


| 
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launched against some of his proposed projects has but spurred him on to more painst: k- 
ing efforts. 

It is only natural that such an internationally recognized physician as Bo Vahlqu st, 
possessed as he is of broad interests within his chosen field, should be called upon to 
solve international medical problems. Thus the World Health Organization has repe.it- 
edly engaged him to participate in various symposia and study groups. He has a'so 
served as Medical Consultant on educational questions and for the improvement of 
child care in certain southeast Asian countries. 

Interested as Bo Vahlquist has been in all types of educational programs, he has 
fully succeeded in making the ordinary pediatric course for internes at Uppsala Univer- 
sity a model of curricular perfection and content. Annually he invites pediatric physi- 
cians-in-chief to well-attended and highly esteemed instructional conferences in which 
current theoretical and practical problems are freely discussed and debated: a most 
unusual form of postgraduate specialist instruction indeed. He has written the excellent 
chapter on infectious diseases and the discussion of iron metabolism in Fanconi-Wall- 
gren’s Lehrbuch der Pddiatrie, and in collaboration with Rolf Zetterstr6m the chapter 
on metabolic diseases in Nordisk Lirobok i Pediatrik (Scandinavian Textbook on 
Pediatrics). 

The esteem and respect in which contemporary pediatricians hold Bo Vahlquist for 
his valuable contributions to the practical art of pediatrics and his scientific acquisitions 
in this field have been expressed in numerous ways. His kindness, courtesy and sense 
of humour in personal dealings, coupled with his common sense, reliability and sound 
judgment in professional affairs have made him both respected and loved by everybody 
who has had the privilege of knowing him. For over a year Vahlquist has served as 
chairman of The Swedish Pediatric Society. He has been honored by being commissioned 


— 


as co-editor of several foreign scientific journals, and also of Acta Pediatrica. In all these | 
capacities Vahlquist has rendered conspicuous and highly creditable services. On this | 


occasion the writer of these lines takes great pleasure, when Bo Vahlquist is being 
honored by former and present co-workers with this honorary volume of the Acta, in 
expressing his warm appreciation of valuable collaboration. I also make myself a spoks- 
man for his older and younger co-workers as well as for his pediatrician friends in various 
countries in conveying their homage to our beloved fifty-year-old colleague. 

Dear Bo, despite your increasingly extensive administrative and organizatio al 
tasks, may you find time and sufficient strength to advance toward your destined g: il. 


Your star stands now in its zenith. Keep it in that position, at least during the ini’ al | 


decades of your next half-century! 
Arvid Wallgren 
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From the Pediatric Clinic, Karolinska Sjukhuset, Stockholm 


Treatment of Idiopathic Thrombocytopenic Purpura in Childhood 


by GUNILLA BERGLUND and OVE BROBERGER 


Idiopathic thrombocytopenic purpura 
(ITP) kas been treated in many different 
ways, strongly suggesting that at present 
there is no ideal treatment. Splenectomy 
was introduced by Kaznelson in 1916. In 
many cases the operation had to be per- 
formed at a time when the patient had a 
tendency to severe bleeding and was thus 
combined with great risk of uncontrollable 
bleeding. Because of this a great advance 
was made when it became possible to 
reduce bleeding time to normal by platelet 
transfusions given immediately before ope- 


| ration. In 1951 Evans succeeded in proving 
this | 


kes- | 


it us 


the presence of platelet agglutinins in 
plasma from patients with ITP. Several 
years later there was further evidence of 


the occurrence of an antigen-antibody 


reaction in ITP, when Harrington ef al. 
(195!) caused a marked thrombocytopenic 
purpura in a healthy person after giving 
a p'isma transfusion from a patient with 
IT?’ From a theoretical point of view, 
tren'ment with steroids ought to give a 
the: \peutie effect in ITP by diminishing 
the antibody production. However, it 
has been found that the primary effect 


of ich therapy is a decreased bleeding 
‘ney and a reversion of bleeding time 
to ormal and a subsequent increase in 


the platelets, though far from all cases 
showea any such effect (Medical Re- 
search Council). According to Dameshek 
et al. (1958) it is important to give large 
doses for a long time. In their series 
where Prednison in a dose of 20 to 250 mg 
a day was given, the platelet count became 
normal in about 75% of the cases after 
50 days of treatment and absence from 
all bleeding manifestations could then be 
achieved by a smaller maintenance dose. 
Watson-Williams et al. (1958) reported 
remissions in 21 of their 42 patients treated 
with steroids, with permanent remission 
in cases having a short history, but more 
temporary remissions in patients with 
ITP of long duration. These results are 
also similar to those of Stefanini. 

In children, however, it seems doubtful 
if such intense and long-lasting steroid 
therapy as recommended by Dameshek 
could be used. In an attempt to get some 
answer to this question we have compiled 
the cases from the Children’s Clinic, Karo- 
linska Sjukhuset. 


Methods 


The platelets were counted by the method 
of Kristenson with a normal value of 200,000— 
350,000/emm. 
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The bleeding time was estimated by Duke’s 
method. Normal value 1-3 minutes. 

The capillary fragility was examined with 
the tourniquet method with the pressure of 
the cuff between the systolic and diastolic 
pressure for 5 minutes. 

The thrombocyte agglutination was per- 
formed as described by Stefanini & Dameshek 
(1955). 


Material 


During the years 1951-1958, 28 children 
were treated, who fulfilled all the criteria of 
ITP as defined by Harrington et al. (1956). 
Nineteen were girls and 9 boys. The girls out- 
numbered the boys in all ages, though it is 
generally accepted that ITP before puberty is 
equally distributed among the sexes. This is 
in contrast to the finding that in later life 
the disease is 3-4 times more common in 
women than in men (de Gruchy, 1958). 

Patients with thrombocytopenia of post- 
infectious origin as well as those cases as- 
sociated with other hematological conditions 
were excluded. 

All the patients had bleeding manifesta- 
tions, prolonged bleeding time, 
capillary fragility and platelet counts below 
35,000. The bone marrow was examined in 19 
of the cases; in 2 a slight maturation arrest of 
the megacaryocytes was observed, while in 6 


increased 


cases megacaryocytopoesis was increased. In 
the remaining 11 bone marrow 
smears were completely normal. In no cases 


cases the 


were there any abnormalities in erythropoesis 
or granulocytopoesis. The spleen was not pal- 
pable in any case; this finding, however, does 
not preclude the possibility of some degree 
of splenomegaly, since the spleen may in some 
cases be pushed upwards. In the splenecto- 
mized cases the spleen was moderately enlarged 
in one third of the cases. In all cases the micro- 
scopical examination of the spleen revealed a 
normal appearance. 

Thrombocyte agglutination was performed 
before any kind of therapy was given in 22 
cases and in 9 of them agglutination occurred. 

The series has not been divided into acute 
and chronic cases, because it was impossible 
to secure a sharp division between such 


groups. However, 7 cases were mild wit) a 
fairly short history, 2 others were mild ut 
long-lasting, and the remaining 19 had sev ere 
bleeding manifestations. 


Results 


In all the mild cases neither steroid 
treatment or transfusions were given. ]n7 
of these cases the signs of ITP disappeared 
in a period ranging from 2 to 20 months 
(Fig. 1). Two cases still show a thrombocy.- 
topenia, though there is a complete ab- 
sence of bleeding tendency. One of these 
(Y. A.) had during the first 38 months of 
illness a bleeding tendency which later 
disappeared completely so that during the 
last 4 years she has had normal menstrua- 
tions in spite of a low thrombocyte count. 
Of all the mild cases she is the only one 
who has ever had a positive thrombocyte 
agglutination, and this still remains posi- 
tive. Eighteen patients have been treated 
with steroids. These had either severe bleed. 
ing manifestations with need for acute 
treatment or the disease failed to show any 
signs of spontaneous healing. The drug 
most often used has been Prednisolon in a 
dose of about 1 mg/kg bodyweight and 


day given for at least 3 weeks and there | 


after in successively diminishing amounts. 
Improvement has occurred in 6 caves, 
characterized at first by a decreased 
bleeding tendency and then a gradui:lly 
increasing platelet count. In 12 cases no 
permanent effect was obtained, altho igh 
a few cases showed transient improvem: nt. 
Later 3 of these patients had a spontane us 
remission, one completely, the other 
with loss of the bleeding tendency, tho 
the thrombocyte still 
around 60,000. 

Among the cases which have | °en 
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treated with steroids without effect, 8 
have also been splenectomized, and an ad- 
ditional patient (T. B.) will be operated 
in the near future. Five of the patients 
operated upon responded immediately 
with an increase of the platelets and a 
return of bleeding time to normal. They 
have since then had normal hematological 
values, the period of observation ranging 
from 8 to 30 months. In 2 other operated 
patients the bleeding tendency has disap- 
peared, and in a third case after 2 months 
the thrombocyte count has also returned 
to normal. Whether this was an effect of 
the splenectomy may be doubtful. One 
patient did not improve after splenectomy, 
but remarkably enough responded well to 
steroid treatment later, though he did not 
show any benefit of this therapy before 
the operation. He has been free from 
symptoms for 18 months. 

One further patient who was not treated 
preoperatively with steroids was splenec- 
tomized with good result. 

In the mild cases who have 
spontaneously the thrombocyte agglutina- 
tion was negative in all cases except the 
long-lasting case, Y. A., which has been 
referred to earlier. Of the more severe 
cases some of which had responded to 


healed 


steroid treatment and some of which had 
to be splenectomized, the agglutination 
test has been positive in half of the cases. 
positive thrombocyte agglutination 
should thus make one suspicious that one 
is dealing with a more severe form of 
ITP, but no information on the long-term 
prognosis can be derived at this time. 
Repeated agglutination tests have shown 
that these often become negative when 
the signs of disease disappear, but remain 
positive in many clinically symptom-free 
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patients with low platelet counts. In cne 
splenectomized patient (C. D.), who is} °° 
clinically symptom-free but with persist- 
ing thrombocytopenia, the thromboc: te 
agglutination test has reverted from ne;sa- 
tive to positive. The cause of this is obsciire 
because he received platelet transfusions 
at the time of operation, and it is known 
that platelet transfusions may give rise 
to production of platelet antibodies. This ' 
is the reason why platelet transfusions 
have not been given more generally. Usu- 
ally, as pointed out by Stefanini, a good 
result is obtained only after the first 
transfusions. Therefore the platelet trans. 
fusions have been restricted for use only 
in cases of severe bleedings during opera- 
tions; other bleedings have been treated 
with transfusions of fresh whole blood. 

Discussion 

From Fig. 2 it is seen that the effect of } a 
the steroid treatment is by no means as 
favorable in our material as in that of 
Dameshek ef al., but in our material we 
did not use such large doses as in some of } £1¥¢ 
their cases. Only one third of the steroid- | the 
treated patients recovered. Nor is there P Ace 
any evidence that the patients not respond- ITP 
ing to steroid treatment should not re- | SY™ 
spond to splenectomy. The result of s}le- diss 
nectomy has been excellent in 5 of 8 caves. | 2 
This is about the same figure as found in 1 dise 
adults where normal platelet values nd ee! 
normal bleeding time is found in abvut dise 
50-80 % after splenectomy (Conley ef 1I., ina 
1956). The duration of the observatior in but 
our material has not, except in a few ca es, F UP 
been more than a couple of years, : nd f “*' 
during this time no signs of relapse h ve oth 
occurred, as described among adults. his 
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Nu months of 
obs rvation after 
con:olete remission 


38 
34 
30 
26 
22 
18 - 


5 years 
5 years 
6 years 
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6 years 


| 
7 years 


Mild cases Severe cases: Only 
34 
steroidtreated 
Number months with 
trombocytopeni 


5 years 


Severe cases: Splenectomized, Severe cases: Splenectomized, 


failed to respond to without trial with steroids 
steroidtreatment 


Fig. 2. Observation period before and after remission with various therapy. 


gives more reason for optimism regarding 
the prognosis in children than in adults. 
According to Dameshek & Reeves (1956) 
ITP may sometimes be only a part of the 
symptomatology of lupus erythematosus 
disssminatus and splenectomy will only 


accelerate the other manifestations of the 
disexse. Examinations for ‘“‘LE”’ cells have 
beer. performed in most cases during the 
dise.se before the steroid treatment, and 
ina’ cases in the follow-up investigations, 
but 10 such cells could be found. The se- 
rum electrophoresis has been normal in all 

/cas’ and there have not been any of the 
oth’ manifestations characteristic of lu- 
pus -rythematosus. 


Stefanini, among others, has called at- 
tention to the great risk of relapses espe- 
cially after splenectomy. In none of our 
cases showing apparent recovery with a 
normal bleeding time and platelet count 
has any relapse occurred. One of the 
splenectomized patients (U. A.) has been 
very susceptible to infections, and has 
even suffered a bacterial meningitis, from 
which he recovered with generally ac- 
cepted treatment. The others, according to 
their parents, have been more resistant to 
infections after the operation than before. 

In conclusion, ITP in children can be a 
relatively mild disease, which heals spon- 
taneously, but more commonly it persists 
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as a severe and long-lasting disease re- 
quiring intensive treatment. In such cases 
steroids should be tried, because in addi- 
tion to those who recover, including nor- 
malizing of the platelets, there may be 
some who have a remission with disap- 
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In 3 of the cases the disease has dis ip. 
peared completely after splenectomy, ¢ nd 
in the remaining cases some improvem=nt 
has occurred. No late complications or 
relapses have developed in this group of 
children. In adults a mortality of 8-1')°, 


is found, usually related to cerebral he. 


pearance of the bleeding tendency making 
morrhages. In the present material there 


them more suitable candidates for splenec- 
tomy. In cases requiring operation, the was no mortality and no case showed 
most favorable time, if operation can be any symptoms of cerebral vascular in- 
delayed, is some months after a period of sults. 
steroid treatment. 
Summary 
A series of 28 children with ITP treated during 1951-1958 is presented. Some mild f 4 
cases required no treatment in any form, but most of the cases were treated with steroids, (195 
to which some responded with complete remission. The patients not responding to steroid — 
therapy underwent splenectomy with a good result, except in one who responded to a aie 
renewed steroid therapy. No relapses, complications or deaths occurred in this group of i 
patients. 
ay> 
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(1950). A suspension of cellular consti- 
tuents from the thymus of rabbits was 
administered in a single injection into the 
ear vein of another healthy rabbit. Three 
days after the injection they found a 
striking focal accumulation of lympho- 
' cytes in the radicles of the interlobular 
) portal vein, in the periportal spaces of the 


liver, and in the perifollicular regions of the 
spleen. When the lymphocytes were in- 
jured before injection no accumulations of 
, 'ymphocytes were produced anywhere. 

If radio-active phosphorus (P82) is in- 
jected into an animal, it will be incorpora- 
ted into the desoxyribonucleic acid (DNA) 
wly-formed lymphocytes, where it will 
in as DNAP until the cells are broken 


of 


rema 
F down (Ottesen, 1948). In this way it is 
poss ble to tag young lymphocytes for 
transfusion into another animal. If thymus 
cell. tagged with P®? are transfused from 
rats to another rat of the same litter, the 
cell. can be recovered from the liver and 
sple n 24 hours later (Fichtelius, 1953). 
T e accumulation of tagged thymus 
cell: in the spleen is still more pronounced 


j Acta Pediatrica 48: 1959, Suppl.: 117, 13—17 
From the Department of Histology, University of Uppsala, Sweden 
An Autoradiographic Study of the Fate of Transfused Thymus 
Lymphocytes! 
) by H. DIDERHOLM and K. E. FICHTELIUS 
The first attempt to trace transfused if the recipient has aseptic peritonitis 
thymus lymphocytes within the recipient (Fichtelius, 1953 and 1957a). In the rats 
Y animal was published by Osogoe & Hitachi with peritonitis a slight non-specific se- 


condary response can be expected (Freund, 
1953) with increased production of all an- 
tibodies normally produced by the reci- 
pient, and with proliferative changes in 
the spleen. Very important among these 
is plasma cell proliferation. This mainly 
occurs perifollicularly (Huebschmann, 
1913; Bjérneboe & Gormsen, 1943; Fag- 
raeus, 1948). It is in this particular region 
that Osogoe & Hitachi recovered the 
transfused, unlabelled thymus lympho- 
cytes. 

Basing his arguments principally on 
these results Fichtelius (1953) advanced a 
hypothesis about thymo-splenic integra- 
tion in antibody formation: the thymus 
produces lymphocytes and the spleen 
forms antibodies with their aid. It is suppo- 
sed that the thymus lymphocytes are 
transformed into plasma cells in the spleen. 
This hypothesis receives further support in 
a later paper (Fichtelius, 1957 b). 

Osogoe’s & Hitachi’s _ results 
good agreement with Fichtelius’ and the 
two complement each other. The weak 
point of the formers’ method is that the 


are in 


‘his work has been supported by grants from The Swedish Medical Research Council. 


14 


cells are not labelled at all, and that the 
lymphpocytes are shown in histological 
sections without the possibility of a cer- 
tain, quantitative comparison. Fichtelius’ 
cells are labelled and the method permits 
but 
yields no information regarding the posi- 


a better quantitative assessment 
tion of the transfused cells within the 
affected An 
study of the fate of the transfused cells 


organs. autoradiographic 
forms a natural complement to the in- 
vestigations already carried out. The most 
important aim of such an investigation is 
to find out whether the transfused, label- 
led thymus cells can be recovered in the 
perifollicular regions of the spleen. At the 
same time one can try to confirm the re- 
sults gained from previous transfusions of 
labelled thymus cells. 


Methods 


Four-week-old male guninea-pigs weighing 


170-200 g were used. A _ suspension of 


Fig. 1. Autoradiograph of spleen after transfusion 
of labelled thymus cells. 
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lymphocytes in saline was prepared fiom 
the thymuses of five donors, labelled 24) 
hours earlier with 3 wCP®? per g as ortho- 
phosphate. The suspension was injected ‘nto 
the saphenous vein of the recipient, wi:ich 
was killed after a further 48 hours. Pi:ces 
of spleen, liver and bone marrow, one ly: ph 
node at porta hepatis and one mesenteric 
lymph node were fixed in formalin § and 
embedded in paraffin. 10 and 20 w sections 
were prepared and placed on metacry late 
slides and covered with Gevaert Denitus 
Rapid film. The films were exposed for 28 
days and developed in Kodak D 19b for 
5 minutes. The method is described in detail 
by Odeblad (1952). 

In all, three such transfusions were sok 


formed. The first recipient got 2.5 » 10° 
cells in 0.6 ee suspension, the second 5.1 © 10°} 


cells in 0.8 ce, the third 7.9 « 108 cells in 
1.0 cc. The following control experiments 
were made. Two animals received 1 wC P* 
per g as orthophosphate subcutaneously. A 
10° 
thymus lymphocytes in 1.0 ce from five 
donors. The cells were heated to 160°C before! 
injection into the saphenous vein. The con- 


third control got a suspension of 10 


Ordinary section of the same s} ‘eet 


as in fig. 1. 


Fig. 2. 
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Fig. 3. Autoradiograph of spleen after injection 
of inorganic P*®. 


trols were killed 48 hours after the injection 
and handled in the same way as the recipients 
above. 


Results 


The autoradiographs of the spleens of 
the three recipients that got living thymus 
lymphocytes showed a strong blackening 
especially in the case of the animal that 
The 


blackening was localized to the red pulp 


had received most lymphocytes. 
of the spleen while the white pulp showed 
no activity whatever. The blackening was 
throughout most marked _ perifollicularly 


€ 


(see Figs. 1 and 2). Fig. 3 shows the auto- 


radiograph of the spleen of an animal that 
had received P32 in the form of inorganic 
pho: phorus. In this case the white pulp 
is b uckened whereas the red pulp is only 
moc -rately affected (see Figs. 3 and 4). 
Thi agrees with the autoradiographs ob- 
tain d by Gyllensten & Ringertz (1954) 
afte injection of inorganic P®2. 


A toradiographs of the liver and of the 


Fig. 4. 


Ordinary section of the same spleen 
as in fig. 3. 


mesenteric lymph node did not show any 
blackening after transfusion of living 
lymphocytes. The hepatic lymph node, 
on the other hand, was distinctly blacke- 
ned, with the exception of the follicles, 
which thus showed less activity. (Since the 
photographic reproduction of these auto- 
radiographs was not very successful no 
pictures are included here.) After an injec- 
tion of inorganic P®?, on the other hand, 
the strongest blackening actually appeared 
just over the follicles. The mesenteric and 
hepatic lymph nodes were alike in this 
respect. 

The autoradiographs of the bone mar- 
row after living cells had been injected 
showed a weak, diffuse blackening. After 
an injection of inorganic P®? the auto- 
radiographs of the bone marrow were in- 
tensely and evenly blackened. 

Autoradiographs of the corresponding 
organs of the animal that had received the 
heated suspension did not show any ac- 
tivity at all. 


| |_| 
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Interpretation of Autoradiographs 


The main question is: In how far is the 
blackening observed due to radioactivity, 
still bound to the injected cells at the 
time of killing the animals? This question 
is best answered by taking each organ 
separately. 

Spleen.—The control experiment with 
inorganic P* shows that activity is chiefly 
localized to the white pulp. When living, 
labelled lymphocytes have been injected 
the blackening occurs mainly perifolli- 
cularly. The free P®? injected at the same 
time as the labelled cells is not enough to 
cause any appreciable blackening of the 
white pulp. This is also shown by the fact 
that the control experiment with cells 
destroyed by heating did not give any 
blackening. There can thus be no doubt 
that the blackening in the perifollicular 
region of the spleen is caused by P®? bound 
to transfused lymphocytes. That these 
cells are still intact is shown by an experi- 
ment by Weisberger, Heinle, Guyton & 
Storaasli (1951). They proved that P*? 
bound to destroyed lymphocytes was 
found to be distributed in the same way 
as inorganic P*® injected intravenously as 
soon as 10 minutes after the transfusion. 
If all the cells in our experiment had been 
destroyed after transfusion the result ought 
to have been the same as after an injection 
of destroyed cells, i.e. no blackening at all. 


Lymph nodes.—The same argument app- 
lies to the liver lymph node as to the 
spleen. The fact that the blackening is 
differently localized after a transfusion of 
labelled cells than after an injection of 
inorganic P%? shows that the blackening 
is dependent on activity bound to the 
transfused cells. 
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Bone marrow.—Here the situation is 
somewhat different, there being a diff. se 
blackening both after a transfusion of liv. 1g 
cells and after an injection of inorga iic 
Pp?, The fact that living cells gave a 
weak blackening and destroyed ceils none 
at all does not justify any conclusicas, 
since the amount of P* injected had ot 
been determined in this experiment. 

The principal question, formulated in 
the introduction, whether the transfused 
thymus cells can be recovered in the pcri- 
follicular region of the spleen may thius 
be answered in the affirmative. Many re- 


search workers maintain that lympho- } 
cytes can be transformed into plasma } 


cells (Roberts, Dixon & Weigle 1957; Kel- 
sall & Crabb, 1958, and others) and this sup- 
position is strengthened by the present 
investigation, which moreover strongly 
supports the hypothesis referred to above, 
concerning thymo-splenic integration in 
antibody formation. 


Comparison with Results Gained from 
Previous Transfusions of Labelled 


Thymus Cells 


Concerning the spleen, this autorac|io- 
graphic study confirms and complem«nts 
results obtained in previous experim«nts 
on the transfusion of thymus lymphoc 
labelled with P*? (Fichtelius, 1953 
1957a). In these experiments, which ° 
carried out on rats, the activity of 
transfused cells could be observed al: » in 
the liver 24 hours after transfusion. 
therefore somewhat surprising that no 
blackening appears in the liver 48 | 
after transfusion and that ordinary bh sto- 
logical sections do not reveal any acc’ nu- 


lation of lymphocytes. This is all the 
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remirkable as Osogoe & Hitachi affir- 
med that they had recovered transfused 
rabhit lymphocytes in the liver as late as 
72 hours after transfusion to another rab- 
bit. The recovery of labelled cells in the 
regional lymph node of the liver can pos- 
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sibly explain this fact. The transfused 
cells in the 48-hours experiment may al- 
ready have passed the liver and accumu- 
lated in its regional gland. The significance 
of this find will be discussed in a different 
connection. 
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Summary 


Thymus lymphocytes labelled with radio-active phosphorus were injected intra- 
venously from guinea-pig to guinea-pig. The recipient animals were killed after 48 hours 
and autoradiographs prepared from spleen, liver, hepatic and mesenteric lymph nodes 
and from bone marrow. The labelled cells were traced to the perifollicular regions of 
the spleen and non-follicular regions of the hepatic lymph node. 
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Survival of Cr’'-labelled Red Cells from New-born Infants’ 


by SEVERINO FOCONI and STIG SJOLIN 


It has not yet been possible to define 
the mechanisms of the physiological anae- 
mia of the new-born infant, and it will not 
be possible to do so until we are able to 
measure the rate of formation and the rate 
of destruction of the red cells during this 
period. 

During the last decade some attem; ts 
have been made to estimate the life span 
of the red cells of new-born infants. In 
1951, Mollison described the results of 
transfusing a mixture of placental blood 
and blood from adult donors to four anae- 
mic premature infants. The survival of the 
red cells was determined by the method of 
differential agglutination (Ashby). Mol- 
lison concluded that “‘some, at least, of 
the red cells produced during late fetal 
life survive for a shorter time than adult 
red cells’. In 1956 this conclusion was 
reinforced. No figures, however, could be 
given, but the measurements were said 
to suggest that the life span of fetal red 
cells is only slightly shorter than that of 
red cells of adults. Using the differential 
agglutination technique, after having 
transfused placental blood to four infants 
aged 1] days, and 6, 8, and 10 weeks, 
Seelemann (1954) came to the conclusion 
that fetal red cells had the same survival 


' This investigation was supported by grants from the Swedish Medical Research Council. 


time as red cells from adults. Vest (!959 
used the same technique, and gave pla- 
cental blood from four premature infants 


preted the resulting curves as showing a 
life span of 70-90 days. 

After the 
method for estimation of red-cell surviva 


to four other premature infants. He ante fied 


introduction of the (Cr! 
it was natural to apply it to the problen 
of fetal red-cell survival. After havin 
transfused labelled red cells from six ful} 
term new-born infants to adult recipicnts 
Hollingsworth (1955) found that the ap; 
parent half-life varied between 13 ani 
22 days, compared with a variation of 24 
to 36 days in adults. Using the Cr’ 
technique and following the survival afte 
autotransfusion, Vest (1959) found an av; 
erage apparent half-life of 24 days in ° full 
term new-born infants and 16 days in ] 
premature ones. From very rough ca! ula; 
tions Vest concluded that these fi a 
give a mean cell life of 96 days in full 
term new-born infants and 54 das ii 
premature infants. 

These investigators, using © 
totally different methods, have thu. no! 
reached the similar conclusions rega din: 
the life span of fetal red cells. 

The investigation now describec we 
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a} stared in 1955 with the special aim of 


stucving by the Cr*!-technique the sur- 
vival of red cells of premature infants, and 
of investigating the rate of chromium elu- 
tion from intact red cells in vitro. 


Material and Methods 


Red cells were obtained from the cord 
blood of 16 full-term new-born infants and 
from 11 premature ones. (Infants born more 
than 3 weeks before expected date have been 
regarded as premature.) The red cells were 
immediately labelled with Cr®! according to 
the method of Gray & Sterling (1950) as modi- 
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} fied by Brante (1956). The chromium content 
of the red cells of each individual is seen from 
the table. The labelled red cells were trans- 
ferred to healthy, adult recipients, whose red 
cells were compatible with those of the infants 
with respect to the ABO blood-group system 
and to the D (Rho) factor of the Rh system. 
In all cases the donor’s red cells suspended 
in saline agglutination 
mixed with the recipient’s serum. None of 


showed no when 
the recipients had previously received a blood 
transfusion. The radio-activity of a blood 
sample taken 20-30 minutes after the injec- 
tion was regarded as 100 per cent. All Cr! 
half-times have been calculated from curves 
wwe on semilogarithmic paper. 

In 11 of the 27 cases the survival curves 
P initially showed a normal course, but after 
an interval varying from 5 to 15 days most 
of the labelled red cells suddenly vanished. 
Five of these cases have been described pre- 
viously (Adner & Sjélin, 1957). Because sim- 
P ilar been 


ibnormal survival curves have 


foun:! also when red cells from adult donors 
were ised, and because they were interpreted 
as bi ng due to immunization (Adner & Sjé- 
lin, 957), these experiments have been ex- 
clud 1. Thus the final series consists of 10 full- 
tern: and 6 premature infants (Table). 

In a series of 12 autotransfusions in 12 
heal 1y male adults the mean apparent half- 
life as 27.5 days (S.D. = + 2.25 days). 


In order to be able to compare the Cr®!- 


sury val curves with Ashby survival curves 
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obtained from the literature, the Cr®!-survival 
curves were corrected for a Cr*! elution of the 
same magnitude as that found in red cells 
from adults. According to Hughes Jones & 
Mollison (1956), the half-time of the Cr®! elu- 
tion of red cells from adults is 64 days, i.e. 
about 1% of the remaining Cr*! leaves the 
red cells per day. The individual experimental 
Cr*!-survival figures were corrected for Cr®! 
elution by means of the formula 


Ke, t 


Yo= Ym*&. (1) 


where y, = the corrected % survival at time ¢, 
Ym = the measured % survival at time ¢, kg; = 
the constant of elution of Cr*! from the red 
0.01, and ¢ =the time in days. 

From the corrected Cr*!-survival figures for 
the 12 healthy male subjects and the 10 full- 
term and the 6 premature infants, “smoothed” 


cells - 


individual curves were drawn. From. these, 
mean survival curves for the 3 groups were 
Mean differential agglutinatiOn 
curves for 6 full-term and 4 premature infants 


obtained. 


were calculated from individual survival 
curves taken from the literature. (Seelemann, 
1954; Mollison, 1956; Vest, 1959). All mean 
curves are shown in Fig. 3. 

In order to compare the chromium elution 
from red cells of new-born infants and adults, 
some experiments were performed in vitro 
under sterile conditions. Ten parts of whole 
blood were mixed with one part of acid citrate 
this 


mixture, the plasma was saved and the red 


dextrose solution. After centrifuging 
cells were labelled with Cr*! as in the experi- 
ments in vivo. About 4 ml of the washed, 
packed red cells was then resuspended in 6 ml 
of their own plasma. The suspension was 
thoroughly mixed and divided into four equal 
portions in four test tubes. The content of 
one of these test tubes was immediately 
analysed for the Cr*! activity of the red cells 
and the plasma, and for the degree of haemo- 
lysis (extinction of diluted supernatant at 
5400 A, Beckman spectrophotometer, model 
B). These values were used as blanks. The 
other three test tubes were placed in a refri- 
gerator at +4°C for varying periods. The 
degree of haemolysis and the Cr®! activity 
of the red cells and the plasma were then de- 
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termined. The net Cr*! elution was calculated 
by subtracting the percentage of haemolysis 
from the percentage of Cr®! found in the 
plasma. Six experiments were performed with 
placental blood from six full-term new-born 
infants and six with blood from six adults. 


Results and Discussion 


The apparent half-times (7',app) of the 
individual Cr*!-survival experiments are 
seen in the table. In Fig. 1 all the survival 
curves are presented. The Cr*!-method 
obviously gives shorter survival times for 
placental red cells than for red cells of 
adults when transfused to adult recipients. 
The mean apparent half-life of the red 
cells of the full-term new-born infants was 
22.8 days. The red cells of the premature 
infants survived for a still shorter period, 
the mean apparent half-life being 15.8 
days. These figures conform with those of 
Hollingsworth (1955) and Vest (1959). 


TABLE l. 
Donor Recipient 
nN 
= 
© 
845 
s 
x» £ o8 
F 1540 -9 0.7 M 18 
F 1850 —6 2.0 F 18 
M 2170 4 3.0 M 10 " 
M 2430 os M_ Mean 158 
M 2580 3 2.0 M 15 
M 2680 —-3 0.5 F 18 
M 2900 0 0.2 FE 28 
F 2900 1 0.4 M 20 
F 3200 +3 1.3 M 19 
F 3270 0 1.0 M 25 
F 3350 0 0.4 M 
F 3360 +2 0.7 M 17 Mean 22.8 
F 3440 0 0.4 M 24 
M 3670 +2 2.0 M 25 
F 4370 2 1.0 M 24 
M 4499 0 — F 21 
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The results of these investigations are 
not conclusive, however, until it is pr: ved 
that the rate of elution of chromium i: the 
same in fetal red cells as in red cells : ron 
adults. In fact data exist that are su; ges. 
tive of a different rate of elution of chro. 
mium from placental red cells than irom 
red cells of adults. In 1957 Suderian, 
White, & Israels showed that Cr®! was 
eluted more rapidly from cord hacmo. 
globin solutions than from adult hacmo. 
globin. Later these findings were con- 
firmed by Erlandson, Schulman, Walden & 
Smith (1958). In dialysis experiments in 
vitro, however, these authors were unable? 
to find any difference in the rate of elution) 
of Cr*! from intact red cells of new-born 
infants and adults. Our own experiments, 
however, performed in vitro under differ- 
ent conditions, show that Cr®*! is eluted 
more rapidly from fetal red cells than 
from red cells of adults (Fig. 2). 

A comparison of our mean Cr*!-survival 


curves (having been corrected for a Cr° 
elution of 1% per day) with the mean 
differential agglutination survival curves 
of new-born infants reported in the litera- 
ture shows that shorter survival is ob- 
tained by the Cr*!-method (Fig. 3). The 
most probable explanation of this differ- 
ence is that the fetal red cells lose Cr*! : nore 
rapidly than the red cells of adults also in 
vivo. If it is assumed that the differe ‘tial 
agglutination curves give the true red: 
cell survival, it is possible to caleulat: the 
rate of Cr*! elution from fetal red ce''s in 


vivo by using formula (1), where y, 
survival of the mean Ashby curve at ime 
t, and y,,=% survival of the mean Cr’ 
curve at time ¢. A Cr*! elution of 2.2 ‘ 
day is then found for placental red ce |s 0 


premature infants. For placental red cell 
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SURVIVAL OF CR®!-LABELLED RED CELLS FROM NEW-BORN INFANTS 


Survival 


Premature infants 


0 20 40 


0 20 40 Days 


Fig. 1. Survival of Cr*!-labelled placental red cells from 10 full-term and 6 premature infants after 
transfusion to adult recipients. The hatched areas represent the normal variation in adults (+ 28.D.). 


of full-term infants a Cr®! elution of 2.6% 
is found for the first 14 days, after which 
the rate of Cr*! elution is lower, at about 
1.5°,. Although these figures are approxi- 
mate, being based on only a few Ashby 
curves with large variations both within 
and }etween the curves, they seem to in- 
dicate a more rapid loss of Cr*! from fetal 
red colls than from red cells of adults. 
Be-ause placental blood contains a high 
prop rtion of young red cells, the survival 
curv: s of placental red cells can be ex- 
pect’ | to show a falsely increased life 
span Having this fact in mind and con- 
sider ng the results of the Ashby survival 
expe iments it seems likely that fetal red 
cells ave a shorter life span than red cells 
of This is further 


lults. statement 


strongly supported by the pronounced dif- 
ference found between the survival of red 
cells of full-term new-born infants and of 
premature ones, a difference which is 
shown both by the Cr*!-method and the 
Ashby technique (Fig. 3). 

It therefore seems impossible to define 
exactly the life span of fetal red cells by 
using the Cr®! technique. Nor is the Ashby 
technique very practical for the purpose of 
determining the life span of fetal red cells. 
The method is laborious, has a low repro- 
ducibility, and does not permit autotrans- 
fusions. 

In order to obtain exact figures for the 
life span of fetal red cells, further investi- 
gations using independent methods for 
determining the survival of fetal red cells 
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Fig. 2. Cr*! elution in vitro from placental red Fig. 3. Mean survival of Cr*!-labelled red cells 
cells of 6 full-term infants (@—@)andfromred of 12 male adults after autotransfusion ( » 
cells of 6 adults (—J—f). The smaller dots indi- Mean survival of Cr*!-labelled placental red cell: 
cate the extreme values. from 10 full-term (@—@) and 6 premature in- 
fants (A—A) after transfusion to adults. All thr 
Cr*!-survival curves have been corrected for a Cr’! 
elution of 1% per day. Mean differential agglu- 
tination survival curves of red cells from new- 
born infants derived from the literature: 6 full- 
term infants (O — O ) (Seelemann, 1954; Mollison, } 
1956) and 4 premature infants (/\—/), (Vest. 
1959). The dotted line indicates the surviv:'l oi 
a homogeneous red-cell population with a lif 
span of 120 days. 


after autotransfusion and transfusion to pylfluorophosphonate (DFP?) as a I: bel 
other subjects seem necessary. Such in- of the red cells, are in progress. 


vestigations, using radio-active diisopro- ] 


Summary 


The survival of Cr*1-labelled placental red cells of 10 full-term and 6 premature inf nt: 
was studied after transfusion to adult recpients. The mean apparent half-life of the reé 
cells from full-term infants was found to be 22.8 days, and that of red cells from re: 
mature infants 15.8 days (cf. 27.5 days for red cells from adults). Results obtainec by 
others using the differential agglutination method have indicated a longer life - pat 
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thar. that corresponding to the Cr*! half-times above mentioned. The most probable 
exp! ination of this difference seems to be that Cr®! is eluted more rapidly from fetal red 
cells than from red cells of adults. This hypothesis is corroborated by the results of 


experiments in vitro on intact red cells. 
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Absorption of Labelled Iron in Infants 
Less than Three Months Old 


by LARS GARBY and STIG SJOLIN! 


In recent years isotopically labelled iron 
has been used to estimate the amount of 
iron absorbed from the gastro-intestinal 
tract and also the effect of various im- 
posed conditions and pathological states 
on this absorption. Recent reviews have 
been written by Josephs (1953 and 1958) 
and by Bothwell & Finch (1957). The fol- 
lowing, well-established observations con- 
cerning the behaviour of the tracer in 
adults have emerged from these investiga- 
tions: (1) The absorption of labelled food 
iron is of the order of 1-10 %, which, on 
the assumption of steady-state conditions 
and a daily intake of iron of 10-100 mg 
roughly corresponds to the estimates of 
the daily excretion of iron of about 1 mg. 
This fact might be taken as a very rough 
indication that both estimates are correct 
and that the methods employed are ade- 
quate. (2) There is a quite considerable in- 
dividual variation of iron absorption due 
to factors not yet known. It is improbable 
that this variation is due to the methods 
themselves. (3) The fraction of labelled 


1 With the technical assistance of S. Foconi. 


iron absorbed is inversely related to the 
amount of iron given and is also dependent 
on previous exposure of the gastro-in- 
testinal tract to iron. These facts have been 
interpreted as implying that there is some 


sort of ‘mucosal block’’ operating. (4) The}, 


fraction of labelled iron absorbed is de. 
pendent on the form in which it is present 
in the test dose and also on the amount 
of ascorbic acid and cysteine taken at the 
same time. 

Due to the three last-mentioned factors, 
a comparison of the absorption of tracer 
iron between different groups of individ- 
uals becomes difficult. In the work re- 
ported here we have studied the absorp- 


tion of labelled iron in infants betwee 


and 90 days of age on very similar dicts. 
Approximately physiological amount: of 
iron containing the tracer have been gi ven 
orally with and without food. The res ilts 
will be discussed in relation to the res ilts 
in adults referred to above and also \ ith 
respect to previous investigations in in- 


fants. 
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ABSORPTION OF LABELLED IRON IN INFANTS 


Material and Methods 


iwelve infants between 10 and 90 days 
old were investigated. They showed no signs 
of haematologic or digestive disturbances. 
Their nutritional status was good. The daily 
intake of iron is seen in Table 1 and was 
calculated from their food intake on the 
following principles: Breast milk was sup- 
posed to contain 1 mg/litre, cow’s milk was 
supposed to contain 0.5 mg/litre and a special 
milk mixture (Findus Baby-valling, AB Fin- 
dus, Sweden), sometimes used in the feeding, 
contained 30 mg/litre. The test dose con- 
sisted of 1 ml of a solution containing 10 or 
20 ug of Fe-56 as citrate and about 2 uC 
of Ke-59.1 At the same time, 0.05 g of car- 
mine was given. The faeces were collected 
for the following 3 days or more. The stools 
and the diaper material were combusted in 
nitric acid and sulphuric acid and aliquots 
were taken for radioactivity measurements 
in a well-type scintillation detector with 
a counting efficiency of about 20%. Ali- 
quots of the test dose were measured at 
the same time. As a rule, all the activity 
that was recovered appeared in the carmine- 
coloured faeces, generally two days after the 
test dose was given. Fe-59 absorbed was 
taken to be Fe-59 given, minus Fe-59 re- 
covered in the stools. 

In the cases 1-3, the test solution was 
given between two meals and in cases 4-12, 
the test solution was administered with one 
of the ordinary meals. 


Results 


The results may be seen in Table 1. The 


dat show a definite, negative correlation 
betveen the amount of iron in the dose 
an the percentage of tracer iron absorbed. 
Th decrease in tracer absorption with in- 
creosing load was 0.2%/ug and _ signifi- 
car ly (P < 0.01) different from zero. How- 
eve , even taking this source of variation 
int consideration, the variation between 


The absorbed dose of ionizing radiation from 


bo 
or 


TABLE 1. 
% absorp- 
bg of Fe Daily tion of 

Case Age, givenin  intakeof Fe-59 in 

No. days test dose Fe (ug) test dose 
1 16 20 500 71 
2 59 21 300007 59 
3 38 21 7900 96 
4 81 50 300 38 
5 10 60 360 56 
6 34 70 420 66 
a 51 110 660 23 
8 22 110 550 91 
9 88 120 600 15 
10 33 165 825 56 
11 63 250 750 36 
12 90 450 2250 37 


* This child received medicinal iron (Ferrosi 
pyrophosphis). 


individuals is large, probably much larger 
than the error of the method itself. 

If the transfer of iron across the mucosal 
barrier is a one-way process (see below), a 
value of the daily absorption of the iron 
can be obtained by multiplying the per- 
centage of absorption of the tracer by the 
intake. This gives a mean value of 322 ug 
per day (standard error 80 mg/day) for 
the cases 4-12. This value is probably 
slightly too low because the percentage of 
absorption was obtained from a test meal 
containing slightly more iron than the 
average meal, the relation between the 
percentage of absorption and the load 
being inverse. 

Discussion 

Several points of interest arise from the 
data presented here. In the first place, the 
results should be compared with those 
obtained by Schulz & Smith (1957), who 
gave labelled iron with milk containing 
similar amounts of iron to infants between 
4 and 52 months old. The tracer was ad- 


Fe-59 in these children was 200-400 millirads. 
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Fig. 1. The absorption of labelled iron as a 


function of age. Data from the present material 

(°). Data from normal (*) and iron-deficient 

(4) children (Schulz and Smith, 1957). Note 
change in scale of abscissa. 


ministered either in the form of ferrous 
sulphate added to milk or in the form of 
in vivo incorporated milk iron. There was 
no difference in absorption between the 
two forms. The iron content of the test 
dose was 100 vg. The mean amount ab- 
sorbed was 10% (range 2-17 %) and there 
was a pronounced tendency for the absorp- 
tion to decrease with increasing age. In 
vivo labelled milk was also given to adult 
males, the test dose containing 350 ng 
of iron and the mean percentage of absorp- 
tion being 3 % (range 14%). It is evident 
from a comparison of these data (see 
Fig. 1) with those obtained by the present 
study that the absorption of tracer iron 
from milk is considerably larger during 
early infancy than later in life. 
Oettinger, Mills & Hahn (1954) found a 
much lower absorption (mean value 3.2 %, 
range 0.4-8.2%) in newborn infants (2-4 
days old), who received the labelled iron 
without food and with only 1 ug of iron 
as ferrous chloride. However, in these stu- 
dies, the amount of tracer absorbed was 
calculated from the amount given and the 
amount found in circulating red cells after 
2-6 weeks. The assumption that all the 
absorbed iron is found in circulating red 
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cells at that time seems unwarranted ai d 
the figures for absorption must be co 1- 
sidered too low. 

The absorption of iron in the age gro p 
reported in this paper is consideralh'y 
larger than the figures obtained from chei- 
ical balance studies on children of similar 
age and similar food and iron intake 
(approximately 50+50 micrograms per 
day for net retention of iron) (Wallgren, 
1930; Snelling, 1933; Josephs, 1939; Sisson, 
1951). This could be taken as evidence for 
excretion of iron in children of this group. 
However, another interpretation is also 
possible, namely that true absorption is 
not measured by the tracer experiments. 
The calculation of absorption of iron from 
the data on the absorption of the tracer in 
the conventional way, i.e. by multiplying 
the fraction of tracer absorbed by the dose, 
involves the unproven assumption that 
there is no isotopic exchange of iron across 
the mucosal barrier. This point seems to 
have been overlooked by investigators in 
this field. 


The transmission of solute across a bio- 
logical boundary must, in general, be looked 
upon as a result of two opposing currents of 
transport, the net flow being the difference 
between the two currents. A measurement 
of the flow of an isotope of the species un er 
consideration in a specified direction can 
only give information of the flow in that 
direction, and the net flow remains un le- 
fined. Isotopic exchange denotes the sin l- 
taneous transfer, in opposite directions, «{ a 
labelled and an unlabelled particle. It m ist 
thus be borne in mind that isotopic tran: fer 
(in absorption experiments this is equiva! -nt 
to disappearance of the tracer) can oc ‘ur 
even in the complete absence of a net fl 'w. 
Very few transfer mechanisms exist in wl .ch 
the flow is accomplished in only one di °c- 
tion, and only in such cases are measi re- 
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ments of a tracer flowing in that direction 
sui icient for a complete description of the 
cess. 

if isotopic exchange occurs across the 
mucosal boundary, figures for absorption 
of iron as calculated in the conventional 
way will be too large. This also holds, as 
pointed out by Josephs (1953), for excre- 
tion of iron as measured by tracers. 

It has generally been noted that the 
percentage of absorption of labelled iron 
decreases as the amount of iron in the 
test dose increases. This phenomenon, ta- 
ken in the literature as evidence of ‘‘mu- 
cosal block’’, is evident also in the present 
age group. It has been argued that, be- 
cause of the small iron excretion, the con- 
stancy of the body iron must be regulated 
through an absorption mechanism that in 
some way or other can “‘feel’? how much 
iron the body needs. In the first place, 
however, as Josephs (1958) points out, the 


constancy of the body iron has never been 
shown to exist. Secondly, the figures for 
the excretion of iron, while showing that 
it is small compared with the intake, by 
no means show that it is constant enough 
to necessitate the ad hoc hypothesis of a 
regulating power of the absorption mech- 
anism. The behaviour of labelled iron in 
experiments where an iron load is given 
prior to the tracer dose and in experiments 
on iron depleted individuals (for literature, 
see Josephs, 1958) merely shows that the 
transfer of iron across the mucosal barrier 
is mediated by way of a reaction that 
shows saturation kinetics, i.e. that the 
iron competes for a limited number of 
reaction sites. This could be the result of a 
physical adsorption to cell walls or chemi- 
cal binding to components in the lumen 
or in the cells. Such processes hardly deserve 
the term “‘mucosal block’’ or “regulating 
power”. 


Summary 


The absorption of radioactively labelled iron added to milk given to children less 
than 3 months old was investigated. The percentage of absorption of the tracer was 
found to be considerably larger than that observed at a later age. A comparison with 
figures for net retention of iron from milk in children of similar age indicates that excre- 


tion of iron takes place in these infants, or that true absorption of iron is not measured 

by the tracer method. Some difficulties in the interpretation of the conventional tracer 
P 

absorption test are indicated. The phenomenon of ‘“‘mucosal biock’’ for iron is present 


also in the present age group. It is pointed out that simple physico-chemical phenom- 
ena might explain all data which have led to the concept of the ‘“‘mucosal block” effect. 
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} Although uncommon, thrombocytope- 
nic purpura in the newborn is a well-re- 
cognized disease (cf. Morris, 1954; Stefa- 
nini and Dameshek, 1955; Wintrobe, 
1956). In most cases the mothers of the 
affected children have been known to 
suffer from either idiopathic or secondary 
thrombocytopenic purpura. Epstein, Loz- 
ner, Cobbey & Davidsson (1950) found 
that there was a high incidence of congen- 
ital thrombocytopenic purpura in infants 
borne by women with thrombocytopenic 
purpura. They suggested that the purpura 
in the newborn was caused by transpla- 
cental passage of a factor responsible for 
the thrombocytopenia in the mother. Such 
a factor was later found in the blood of 
P some patients with idiopathic thrombo- 
eytopenic purpura (Evans, Takahashi, 
Dune, Payne & Liu, 1951; Harrington, 
Mi nich, Hollingsworth & Moore, 1951; 
Tu ‘is, 1956). Subsequently, platelet anti- 
boc ies in the serum of both the mother and 
he: infant were demonstrated in a few 
cas s (Vandenbroucke & Verstraete, 1955; 
Se] ven, King & Duane, 1956). Thus, most 


ca: s of neonatal thrombocytopenia seem 
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by ANDREAS KILLANDER 


to be due to transmission of antibodies 
from the mother to the infant. In this 
respect as well as in others to be discussed 
later, the disease resembles erythroblasto- 
sis foetalis. 

The disease is self-limited, but the bleed- 
ing tendency, which may be pronounced 
during delivery and the first days of life, 
implies a great risk of profuse haemor- 
rhages, sometimes resulting in fatal cere- 
bral damage. Epstein et al. (1950) made an 
extensive review of all published cases of 
pregnancy complicated by purpura hae- 
morrhagica and calculated the mortality 
at 26.1% of the affected children. 8.7% 
of the pregnancies ended fatally for the 
mother. 

Different methods of treatment have 
been tried. Splenectomy of the mother 
prior to the delivery has reduced the 
bleeding tendency of the mothers but has 
not reduced the thrombocytopenia in the 
newborns (Epstein et al., 1950). As regards 
the infant, blood transfusions seem to have 
been the standard treatment. Splenectomy 
has been performed in two cases but with 
disappointing results (cf. Morris, 1954). 
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Cortisone treatment had no effect on the 
thrombocytopenia in the infant described 
by Schoen et al. (1956). 

In July, 1958, we treated a case of 
neonatal thrombocytopenic purpura. The 
general condition of the infant was good 
and there was no anaemia. However, 
pronounced thrombocytopenia and hypo- 
prothrombinaemia were found and the 
mother was found to be thrombocytopenic 
(case report, see below). Considering dif- 
ferent modes of treatment, we decided to 
use exchange transfusion for the following 
reasons. 

The disease was possibly due to platelet 
antibodies transferred from the mother. 
Thrombocytopenia and bleedings which 
are sometimes found in severe cases of 
erythroblastosis foetalis usually subside 
following exchange transfusion. In the 
latter disease the exchange transfusion 
serves as a means not only of replacing 
sensitized Rh-positive cells by normal 
Rh-negative cells but also of removing 
circulating antibodies. By treating con- 
genital thrombocytopenic purpura with 
exchange transfusion a_ similar result 
might be attained. 

This paper contains a brief case report 
with special regard to the results of the 


exchange transfusion. 


Case Report 


The patient was a boy, birthweight 3900 g, 
born the 22nd of July, 1958. The baby was 
the second child of a 26-year-old woman. 
She was found to suffer from tuberculosis of 
the right lung in September, 1953. Following 
treatment with streptomycine, para-amino- 
salicylic acid and iso-nicotinehydrazide, she 
improved and the disease was regarded as 
cured in November, 1954. In 1955 she was 
operated on because of acute appendicitis 
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and in 1956 she gave birth to her first chi d, 
a normal girl without bleedings. The deliv: ry 
was normal. No abnormal bleedings had bx en 
noted during her different stays in hospi al 
between 1953 and 1956. No platelet cou:its 
had been performed. 

On the 2Ist of July, 1958, she was «d- 
mitted to the Obstetrical Department thee 
weeks after the calculated date of delivery. 
The next day she was given 0.2 g of quinine 
and 10 mg of K-vitamin orally. Twelve hours 
later she was delivered of an apparently 
healthy boy. The blood loss was 600 g. 

On the 23rd of July, 11 hours after the 
birth, several small petechiae were found 
scattered over the whole body of the infant. 
A few echymoses were found on both arins. 
Further investigations revealed a_ platelet 
count of less than 10,000/mm? and a pro- 
thrombin-proconvertin value according to 
Owren of 15%. Hb was 23.2 g%, red cells 
5.4 mill/mm*, packed cell volume 70%, reti- 
culocytes 10.2% and white cells 17,400 with 
a normal differential count. There were no 
neurological symptoms and no signs of in- 
testinal bleeding. The spleen was not. pal- 
pable. Both infant and mother had_ blood 
group A Rh+. A blood count of the moth- 
er revealed nothing abnormal except for 
an abnormally low number of platelcts, 
74,000/mm?. 

The following day, the infant’s platelcts 
were still less than 10,000/mm and an ex- 
change transfusion was performed, using a 
plastic catheter and_ siliconated syringes. 
530 ml fresh blood, collected in two plastic 
bags containing ethylene-diamine-tetra::e- 
tate were injected via the umbilical vei: in 
20 ml portions and the same amount was 
removed. The subsequent course is show! in 
the figure. The day after the exchange tri ns- 
fusion the number of platelets had increz sed 
to 40,000/mm, but afterwards it begar to 
decrease. No new bleedings were noted « nd 
the child was discharged on the 7th ot 
August, 15 days after birth. Two we °ks 
later the mother noticed some red, blc« 0d- 
like streaks in the infant’s stool and he vas 
readmitted to the hospital. On admis: ion 
a few very small petechiae were noted on ‘he 
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palate as well as on the body. No blood was 
de ected in the faeces. The bone-marrow 
obiained by tibial puncture showed a redu- 
ced number of megakaryocytes with degen- 
eralive signs (B. Vahlquist). During obser- 
vaiion for 9 days no bleedings, intestinal or 
cutaneous, were noted and the boy was 
discharged, 37 days after birth. During this 
second stay in hospital the platelet count 
remained low, less than 15,000/mm?. How- 
ever, When seen in the Outpatient Depart- 
ment 49 days old, the platelet count had 
increased to 60,000/mm*. Since then the 
recovery has been uneventful. 

In the meantime, the mother was thor- 
oughly investigated in the Department of 
Internal Medicine. The platelet count, which 
had been studied seven times during four 
months, varied from 52,000 to 87,000/mm?. 
Otherwise the blood count was normal. The 
bleeding time was 2 minutes and the coagu- 
lation time 5.5 min. The sternal marrow was 
normal. The megakaryocytes were not re- 
duced and appeared normal. 

Before the exchange transfusion, blood 
was drawn from the infant and the serum 
kept frozen at — 16°C together with a serum 
sample from the mother. Four weeks later, 
the samples were sent do Dr. Kissmeyer, 
Aarhus, Denmark, for an assay of platelet 
antibodies. The samples were analyzed for 
complete antibodies according to Dausset 
and for incomplete antibodies with Coombs’ 
consumption technique. In the mother’s 
serum there was a very doubtful thrombo- 
cyte-agglutination in the Dausset test and 
a 1egative result in the consumption test. 
In 


fou 


the child’s serum no antibodies were 


id. 
Discussion 


‘hese two cases of thrombocytopenia in 
her and infant show some unusual 


m 
fea ures. The mother had not suffered from 
ab: ormal bleedings before or during de- 


liv ry and the disease would have re- 
ned undiagnosed if the infant had not 


sh wn a petechial rash after birth. The 


th »mbocytopenia in the mother might 
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have been induced by the single dose of 
quinine before delivery, although this 
seems unlikely in view of the number of 
platelets being constantly below normal 
during the following four months. At pres- 
ent, it thus seems most likely that she has 
a mild form of idiopathic thrombocyto- 
penia. 

In the infant the thrombocytopenia dis- 
appeared rather slowly and a normal pla- 
telet count was not found until 70 days 
after birth. This might be due to the 
presence of antibodies not removed by the 
exchange transfusion. In the case de- 
scribed by Schoen et al. (1956), platelet ag- 
glutinins were demonstrated in the serum 
of the child six weeks after birth but not 
after twelve weeks. Following the ex- 
change transfusion in this case, there was 
only a moderate and temporary increase 
of the platelet count. With the exception 
of one determination the platelet count 
then steadily decreased to the pretreat- 
ment level and at that occasion a few 
petechiae were noted as well as a ques- 
tionable intestinal bleeding. The reason 
“relapse” and for the apparent 
of the megakaryocytes remains 
It may be noted that the eventual 
remission of the disease in the infant coin- 
cided in time with decreasing amounts of 
milk from the mother as she had practi- 
cally no breast-milk left 70 days after the 


for this 
changes 
obscure. 


delivery. 

The serological investigation failed to 
reveal the presence of platelet antibodies 
in the serum of the mother and the infant. 
This fact, however, does not disprove the 
possibility of an immunological reaction as 
the cause of the disease in the infant, in 
view of the well-known limitations of the 
methods of detecting platelet antibodies. 
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Following the exchange transfusion the 
bleeding tendency disappeared, but, of 
course, this effect cannot be ascribed to 
the exchange transfusion in this case. The 
same effect might have been obtained 
without any treatment at all. The hypo- 
prothrombinaemia was corrected, which 
seems to be of value in this condition. The 
haemoglobin concentration decreased im- 
mediately after the exchange transfusion. 
There was no evidence of haemolytic dis- 
ease due to blood group incompatibility. 
Probably, this effect is caused by the use 
of adult blood with a lower haematocrit 
than the infant’s blood for the exchange 
transfusion. 

Neonatal thrombocytopenic purpura de- 
mands special attention so that treatment 
can be instituted immediately after birth 
if necessary. Splenectomy seems to be 
contra-indicated in view of the fact that 
the disease is self-limited. Only small blood 
transfusions, providing a limited number 
of platelets, can be given to newborn in- 
fants. Of course, platelet transfusions may 


be given, but theoretical objections may 
be raised against this treatment in those 
cases where the disease is due to the pres- 
ence of platelet antibodies. Moreover, the 
preparation of platelet concentrates is a 
more complicated and time-consuming 
procedure than the drawing of blood for 
transfusion. There seems to be no reason 
for the use of corticosteroids in most of 
these cases. At present there is no evidence 
of antibody formation in the infant. Even 
if it were so, the effect of the treatment 
would probably be too late to prevent ‘he 
bleedings in the severely affected infai'ts. 
These facts, together with the arguments 
mentioned above, suggest the use of °x- 
change transfusion in congenital throm »0- 
cytopenic purpura. 

As the disease can be expected in in- 
fants born by women with idiopa‘hic 
thrombocytopenic purpura it may be } re- 
ferable to treat women with this disc ase 
according to the same principles as ad: pt- 
ed for Rh-immunized women. Thus, i is 
suggested that they should be delivere: in 
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hospitals with exchange transfusion units able more intense investigations of this 
and preferably with laboratories for hae- interesting although rare disease to be 
matological serology. Apart from the the- undertaken. 

rapeutic advantages, this would also en- 


Summary 


An exchange transfusion was performed in an infant with neonatal thrombocytopenic 
purpura. Both the infant and the mother presented some unusual features, which are 
briefly discussed. Although the disease is self-limited, the high mortality during the 
first days after birth indicates the use of effective therapy as soon as possible. Compared 
to other methods of treatment, exchange transfusion seem to be the best in several! 
respects. It is suggested that women with idiopathic thrombocytopenic purpura should 
be delivered in hospitals with exchange transfusion units and laboratories for haemato- 
logical serology. 
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From the Department of Paediatrics, Skellefteé’ Hospital, Sweden 


Non-spherocytic Haemolytic Anaemia 


in Mother and New-born Infant 


by LARS SODERHJELM 


I have recently had the opportunity of 
observing a patient with non-spherocytic 
haemolytic anaemia which became worse 
during her two pregnancies, and mega- 
loblasts were found in the bone marrow. 
At the time of her second delivery this 
woman’s condition deteriorated greatly, 
and the child also showed haemolytic 


anaemia. 
Case Report 


The patient is a woman born in 1920. 
She was until 1940, when was 
treated operatively for thyrotoxicosis. At 


well she 
operation the parathyroids were damaged, 
and she was obliged to take dihydrotachyster- 
ol during the following 14 years. At the time 
of thyroidectomy she had no anaemia, but 
in 1941 she became acutely ill with pyrexia 
and anaemia, and was admitted to Skelleftea 
Hospital. On admission her haemoglobin was 
43% and the erythrocyte count 2 million 
per cu. mm, with 8.9% reticulocytes. The 
osmotic resistance of the red cells was nor- 
mal, the icteric index (Meulengracht) 1:14, 
and urobilin was present in the urine. There 
were no tape-worm eggs in the faeces, and 
no occult blood. The spleen was not palpable, 
the patient was not pregnant, and there was 
free hydrochloric acid in the gastric juice. 
There were typical megaloblasts in the bone 
marrow. On several occasions during her 


stay in hospital the patient felt cold, ani 
complained of nausea and abdominal pain. 
although the abdomen was soft and_ not 
During these attacks the hacmo. 
globin fell, and there was often some jaun- 


tender. 


dice. Injections of liver preparations had n 
effect, and not until after repeated bloo 
transfusion over a period of 3 months di( 
the haemoglobin become stabilized at about 
60% and the erythrocyte count at 2.8 mil: 
lion. The patient was then discharged. 

In January, 1943, there was another brie! 
episode of pyrexia and anaemia, the haemo: 
globin being 53%, the erythrocyte count 


2.6 million, and the mean red-cell diame- 


ter 8.2 wu. A fractionated test meal revealed 
spontaneous secretion with large amounts oi 
acid. The bone marrow was normoblastic. 
The patient remained well until February, 
1950, when she was 8 months pregnant 
when she developed anaemia. The ha:mo- 
globin was 38% and the red-cell count 1.35 
million, with a reticulocyte count of 10—'8° 
The liver and spleen were not palpable. ani 
the faeces contained no tape-worm egg: ani 
no occult blood. The 
“highly cellular, and showed all the er: eri 


bone marrow. wa: 
of pernicious anaemia: diagnosis perni ‘i0t 
anaemia of (N. Norde so! 
(Fig. 1). There was no obvious jaundice _ but 


pregnancy” 


on two occasions the patient had at ack 
of vague abdominal discomfort and. na 
at which times urobilin was present i) thi 
urine and the anaemia was more ma ket 
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Fig. 2. Mother. Megaloblasts in bone marrow, Dec. 1955. 
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Fig. 3. Child. Megaloblasts in bone marrow, Jan. 1956. 


Treatment with folic acid and liver prepara- 
tions was without effect, but after several 
blood transfusions the patient was well 
enough to be discharged home. She had a 
normal delivery at home, and according to 
her the baby was healthy. She continued for 
a short time to take iron, liver, and folic 
acid preparations, but was soon completely 
restored, and on re-examination in January, 
1955, the haemoglobin was 61% and the 
red-cell count 4.0 million. 

The patient again became pregnant in 
March, 1955, and attended regularly the 
maternity welfare clinic. In October, 1955, 
the haemoglobin was 53%, and she was 
therefore given liver and iron preparations 
by mouth, and also folic acid. The haemo- 
globin rose temporarily, but in December, 
1955, it was only 50%, and the erythrocyte 
count 2.4 million. The patient was therefore 
admitted to the obstetric ward, where she 
was given injections of liver preparations 
and effect. The 


osmotie resistance of the red cells was nor- 


intravenous iron, without 


mal, and megaloblasts were present in the 
bone marrow (Fig. 2). On December 17th 


she suddenly developed pyrexia and rigors, 
the haemoglobin fell to 36% and the eryth- 
rocyte count to 1.7 million, and there was 
deepening jaundice (Meulerracht index 
1:80). She had to be given not less than 2 
litres of blood before the haemoglobin beyan 
to rise again. On December 20th she g:ive 
birth to a boy. 

At the time of the worst haemolytic cris 
the reticulocytes constituted 45% of the red 
blood cells. The serum vitamin B,, was +00 
ug/ml (Killander), and the serum iron only 
80 ug/100 ml, despite the extensive therapy. 
Tests of red-cell fragility gave the follow ng 
data: haemolysis 0.58 % NeCl, 
haemolysis was complete at 0.28% (but at 
the time these tests were carried out he 
patient had just received 24 litres of bl .od 
within a period of three weeks, which 1 ay 
explain the diminished resistance). The V as- 
serman reaction was negative. The pat: nt 
belonged to blood-group B, Rh (+) t ‘pe 
Rh, Rh,, and “weak cold-agglutinin vas 
demonstrable in the indi oct 
Coomb’s test on the serum, using the chi d's 
blood cells as test cells was negative, hw: 
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Fig. 4. Child. Reticulocytes ( 


Hep. 


ever, and no other irregular antibodies were 
demonstrable” (B. Broman). The mother con- 
tinued to receive treatment for a time with 
folie acid, and liver and iron preparations, 
and was soon restored. Repeated tests have 
about 


shown the Hb to have remained at 


70°,, and the erythrocyte count at about 
3.5 million, the reticulocyte count at 0.3— 
0.9°,, and the mean red-cell diameter 8.0 
She has had no haemolytic episodes since 
December, 1955. 

‘| he child was transferred to the paediatric 
wa. | for observation, and was bottle-fed on 
sur lus breast milk from other mothers. He 
loo ed well, and his haemoglobin was 131%, 
anc erythrocyte count 6.4 million. Jaundice 
soc . developed, however, the spleen became 


) and erythrocytes (o—o) in relation to therapy. 
liver preparation. 


palpable, and the haemoglobin and red-cell 
count fell (Fig. 4). His klood group was 0 
Rh ( +), type Rh, Rh,, and ‘‘a direct Coomb’s 
(B. Broman). 

A bone-marrow smear was richly cellular, 


test was negative” 


and there was brisk but normal myelopoiesis. 
Erythropoiesis was fairly brisk and largely 
normoblastic, but not a few megaloblasts at 
different stages of development were dis- 
tinctly recognizable (Fig. 3). The incidence 
of mitoses was greatly increased in the mye- 
loid series, and also clearly increased in the 
erythrocyte series. Megakaryocytes were pres- 
ent in normal numbers (B. VahlIquist). The 
child’s anaemia was interpreted as a mega- 
like the 


anaemia (?) of pregnancy of the mother, and 


loblastic anaemia, megaloblastic 
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he was given vitamin C and folic acid. An 
increase in the reticulocyte count up to 27% 
and some improvement in the blood picture 
took place, but he soon deteriorated again 
(Fig. 4). New marrow puncture revealed 
‘“‘very brisk erythropoiesis, with mature cells 
predominating, but there was an increase in 
the number of basophil normoblasts. In ad- 
dition there were still a few megaloblasts at 
different stages of maturity. The incidence 
of mitoses is markedly raised, and the chro- 
mosome pattern is strikingly blotchy”’ (Vahl- 
quist). The red cells began to haemolyse at 
0.48% NaCl, and haemolysis was complete 
at 0.30%. The patient was then given in- 
jections of a liver preparation, which pro- 
duced a marked reticulocyte response (maxi- 
mum 37%), despite the fact that blood 
tests before liver therapy showed 450 uyug 
of vitamin B,,/ml. (Killander). The haemo- 
globin and red-cell count fell quite soon 
again, however, and a haemolytic component 
was suspected. The child received a transfu- 
sion of 80 ml of blood, and at the same time 
cortisone, which resulted in a new positive 
reticulocyte response (maximum 16%) and 
increasing haemoglobin and redcell count. 
Repeated tests over a period of more than 
2 years have subsequently revealed normal 
values, with about 0.6% reticulocytes and 
mean red-cell diameter of 8.04, but the 
serum iron has been a little low (c. 38 yg 
100 ml). 


Discussion 


Acute haemolytic anaemia is not uncom- 
mon emong young subjects, especially dur- 
ing pregnancy (3, 4, 6, 14). Cases have been 
described quite long ago, but the condi- 
tion has become more widely known 
largely through the work of Lederer. 

The onset is acute with pyrexia, nausea 
and vomiting, headache, and sometimes 
also abdominal pain and diarrhoea, and 
at the same time anaemia develops and 
may progress very rapidly. As a rule there 
is leukocytosis and marked reticulocytosis 
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with nucleated red cells in the circulati ig 
blood, and in the bone marrow there is 
active erythropoiesis. The red-cell fray il- 
ity is usually normal, but may be n- 
creased (10). The patient may recover 
after a single blood transfusion, but re«i- 
divating cases requiring many transfusicns 
are common. The condition is thought to 
be due to haemolysins or agglutinins, 
which are not always demonstrable, how- 
ever, and the treatment may include 
blood transfusion, ACTH and cortisone, 
and possibly even splenectomy (5, 15). 
Attacks of acute haemolytic anaemia 
are sometimes seen during pregnancy, and 
never appear at cther times. In such cases 
the anaemia usually disappears after ce- 
11, 17). Some reports have 
appeared of spherocytic haemolytic anie- 
mia that has become worse during preg- 
nancy (8, 12), and a few cases of megalo- 
blastic anaemia combined with haemolytic 


livery (1, 2, 


anaemia during pregnancy are published 
(7, 9, 13). 

In isolated cases of pernicious anaemia 
of pregnancy the child has also shown 
megaloblastic anaemia (18, 19), whereas 
in those cases of acute haemolytic anaemia 
in which the pregnancy has been succcss- 
ful the infants have been unaffected. 

In our case, the mother had recidivat ng 
haemolytic anaemia with normal red-: ell 
fragility and no signs of splenomegaly. 
Her anaemia fulfilled all the requireme its 
of non-spherocytic haemolytic anaen ia, 
even though Coomb’s test was repeate: lly 
negative and no agglutinins other tha: a 
weak cold-agglutinin were demonstra le 
in the serum. Cold-agglutinins are so cc n- 
monly found among healthy subje: ts, 
however, that no significance can be it- 
tached to their presence (16). During he 
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NON-SPHEROCYTIC HAEMOLYTIC ANAEMIA 


pat: ‘nt’s pregnancies the anaemia was ag- 
gra\ ated, and despite intensive treatment 
wit): iron, folic acid, liver preparations, 
and vitamin B,,, nothing less than re- 
peated blood transfusion would improve 
her condition. Her first child was born at 
home, and is said to have been normal, 
whereas the second had clear-cut anaemia 
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with a reticulocyte response to treatment 
with folic acid, with liver preparations, 
and with cortisone, and improvement in 
the haemoglobin and erythrocyte count. 
It is therefore possible that the mother 
had both haemolytic anaemia and perni- 
cious anaemia of pregnancy producing a 
similar state in the child. 


Summary 


A case is described of non-spherocytic haemolytic anaemia in a woman. The condition 
was aggravated during her two pregnancies, and exhibited some megaloblastic features. 
The first child was healthy, but the second developed anaemia with reticulocyte response 
first to folic acid, then to a liver preparation, and finally to cortisone and blood transfu- 
sion. Haemolytic anaemia was undoubtedly present, but the child also had folic-acid 


and vitamin B,, deficiency. 
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From the Pediatric Clinic, Karolinska Sjukhuset, Stockholm, Sweden 


Fatal Bacterial Infections in the Antibiotic Era 


by RUTGER LAGERCRANTZ 


The mortality in bacterial infections 
among Swedish children has markedly 
decreased. Between 1911 and 1950 this 
mortality dropped from 9.1 to 0.7 per 
thousand among infants and from 2.3 to 
0.08 per thousand in children between 
one and fourteen (6). This decrease is 
probably mostly due to the better living 
conditions and care. Sulpha-drugs and 
antibiotics have made it possible to treat 
most bacterial infections. In spite of these 
improvements children still die from such 
infections. 

In this paper some fatal infectious cases 
from a children’s hospital will be analysed. 
This analysis of the diagnosis and treat- 
ment of infectious disease may be interest- 
ing as an illustration of the changing 
problems in pediatrics. 


Material 


The Pediatric Clinic of the Karolinska 
sjukhuset, Stockholm, has furnished the mate- 
rial. In this Department 13,984 patients were 
admitted from July 1, 1951, to December 31, 
1957. Four hundred and twenty-four patients 
died. In 63 patients the main cause of death 
was registered as bacterial infections. Twenty- 
nine of these patients had a severe congenital 
malformation or malignant disease. The in- 
fectious disease was, in these cases and in 
ten cases of cystic fibrosis of the pancreas, 


of secondary importance for the fatal out- 
come. An example of a patient with a con- 
genital abnormality in whom the infection 
was of decisive importance follows: 

Girl born April 24, 1955. Fourth child to 
healthy parents. Pregnancy, delivery and 
birth weight normal. Patient cyanotic since 
birth. X-ray revealed ileus due to atresia of 
lower ileum, verified at operation. After ile- 
ostomy, oxytetracycline was administered 
intravenously 25 mg four times daily. Four 
days later fever and multiple subcutaneous 
abscesses developed. A few days later the 
patient became lethargic, hepatomegaly oc- 
curred and the patient died. Ante-mortem cul- 
tures from an abscess and post-mortem cul- 
tures from blood and several organs prodiiced 
Staphylococcus aureus which were resistant to 
penicillin and oxytetracycline. 

In twenty-four cases a bacterial infection 
was considered the primary cause of death. 
As seen in Table 1, most patients wer in- 
fants, nine were below one month of age 

In eighteen cases the patients were sev: rely 
ill (Some moribund) when the infection was 
diagnosed and treatment started. In + iree 
vases of capillary bronchitis and in one <ase 
of meningococcic meningitis the durati: of 
the disease was stated to have been o: v a 
few hours. Four of the patients with re= ira- 
tory infection in the neonatal period pro! bly 
had their infection at least one day b ore 
treatment. The first signs were lethargy ai | or 
respiratory distress. In five cases of meni itis 
treatment was started late as lumbar pun ure 
was performed twelve hours or more [ter 
onset of disease. 
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TasLE 1. Diagnosis, age and time of diagnosis in 24 fatal cases of primary bacterial in- 
fections in the Pediatric Clinic of Karolinska sjukhuset. 


Number within brackets = total number of cases registered. 


Age-group 

Diagnosis <lmo. 1-12mo. 1-l4 yrs. Late diagnosis Total 
Bronchopneumonia | (1608) 5 2 1 6 8 
Capillary bronchitis} 4 4 4 
Sepsis (6) 1 ] 2 2 
Meningitis (66) 1 3 5 o 9 
Tetanus (1) ] ] ] 
Total «i 10 i 18 24 


The two cases of septicemia were caused by 
Staphylococcus aureus. One of these cases had 
the following course: 

Girl born February 2, 1955. Pregnancy and 
delivery normal. Birth weight 2650 g. On 
eighth day of life (while still in the maternity 
hospital) stuffy nose and fever. Nose and 
throat culture revealed colon bacilli and 
alpha-hemolytic streptococci. X-ray of the 
lungs showed atelectasis (bronchopneumo- 
nia’). Tetracycline 25 mg four times daily was 
administered. Three days later better but 
next day lethargic. On twelfth day of life 
general condition poor, skin hemorrhages, 
liver enlargement, blood culture revealed 
growth of Staphylococcus aureus resistant to 
penicillin and tetracycline but sensitive to 
chloramphenicol. Tetracycline was replaced 
by chloramphenicol parenterally. The patient 
expired the following day. Autopsy revealed 
sepsis; Staphylococcus aureus, apparently of 
the same type as isolated intra vitam, was 
cultired from the blood and from several 


organs post mortem. 

Tie patient who died from tetanus was a 
ten vear-old girl not vaccinated against the 
disc ise, 


‘ery year between seventy and ninety 
pre vatures are admitted to the Clinic. In 
on! two of these patients was the primary 
cai « of death considered to be of bacterial 
ori. n (bronchopneumonia). 

' eleven out of the twenty-four cases in 
Ta e 1 the children apparently acquired their 
int tion in the Clinic (in the nursery or the 


wards). In altogether fourteen cases Staphy- 
lococcus aureus was isolated from nose and/or 
throat. Staphylococci were apparently the etio- 
logic agent in the two cases of septicemia in 
Table 1 and in the operated case referred to 


above. 


Discussion 


The patient material is not quite repre- 
sentative of Stockholm. The Clinic admits 
a relatively large number of patients with 
special, non-infectious diseases such as 
allergic disorders and congenital malfor- 
mations of the heart. Many patients with 
severe infectious diseases in Stockholm 
are sent to the Hospital for Infectious 
Diseases. 

The number of fatal cases registered as 
caused by bacterial infections is probably 
lower than it should be because the diag- 
nosis of infections can be difficult espe- 
cially in the neonatal period. An infection 
at this age can run without classical signs 
as earlier stressed by Vahlquist (8). This 
is demonstrated by some of our patients, 
who were afebrile in the early course of 
the disease. A common cause of death in 
newborns is respiratory insufficiency com- 
bined with without 
hyaline membranes. These patients usually 
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soon become infected. The infection often 
plays a decisive role in the fatal outcome. 
These cases are not included in this mate- 
rial. 

Our patients have not been investigated 
for viral infections. In Sweden, Kjellén, 
Sterner & Svedmyr have demonstrated the 
combined viral and bacterial origin of some 
respiratory infections of childhood (3). 

Even if the material is not quite repre- 
sentative of Stockholm, it reflects the de- 
clining mortality in bacterial infections in 
Swedish children (6, 8). Death due to 
tuberculosis and primary gastro-enteritis, 
which was not observed in this material, 
is extremely rare in all Swedish children’s 
hospitals (6). The declining frequency of 
severe bacterial infections is easily ob- 
served even in general practice in Sweden. 

Most fatalities were observed in infants. 
There are many reasons why infections 
run a severe course in infancy (8, 9). In 
our material most infants acquired their 
infection in the Clinic. In many parts of 
the world an increasing number of hospi- 
tal-acquired infections in newborns and 
their families has been reported (2, 4, 5). 
They are often caused by special strains 
of colon bacilli or antibiotic-resistant 
Staphylococcus aureus. Our Clinic has not 
had any severe epidemics in the nurseries, 
but the above case histories illustrate that 
hospital infection with resistant staphylo- 
cocci is also a problem with us. 

The low mortality in infections among 
the prematures is remarkable. Some pre- 
matures died early in respiratory distress 
and were probably infected. As already 
mentioned, these cases are not included in 
this material. After the second week of 
life most deaths in prematures are con- 
sidered to be due to infections (1). In this 


age period only two prematures were ‘e- 
gistered as having died from bacterial n- 
fection (bronchopneumonia). The low n- 
cidence of infections in this group |ias 
probably many causes. We have had no 
severe epidemics of staphylococcal or co'on 
bacilli infections. We have a well-planned 
and not overcrowded ward and specially 
trained and supervised personnel. In the 
ward for the prematures and non-infecied 
infants no prophylactic treatment with 
antibiotics is given. We agree with the 
bacteriologists and clinicians who stress 
that nosocomial infections cannot be pre- 
vented in this manner and only become 
more difficult to treat. Even in surgery we 
seldom recommend prophylaxis with anti- 
biotics. The first case history above illus- 
trates the failure of such treatment. 

We believe that treatment with antibio- 
tics should be given for broader indica- 
tions in the neonatal period than in older 
children as early diagnosis of infection 
might be difficult in this age-group and the 
infections are more apt to be severe or 
fatal. Thus all the newborns with respira- 
tory distress are treated with bro:d- 
spectrum antibiotics, which otherwise re 
sparsely used in the department (2). I' is 
very important that treatment when ie- 
cessary is rapidly changed according to 
results of serial bacteriological investi a- 
tions. This unfortunately was not donc in 
the patients whose case histories w :re 
presented above. We now have valua le 
drugs even against staphylococcic in ec- 
tions resistant to the common antibio ics 
(7). 

As already mentioned, this mate ‘ial 
does not give the complete picture of he 
fatal infections in our Clinic. To ob: iin 
more reliable data, bacterial examinat ns 
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should be performed during post-mortem 
exaiinations in all cases which have had 
definite or suspicious signs of infections. 
When the results of these investigations 
are obtained it is possible to make a com- 
plete epicritical evaluation as in the two 
cases reported here. It is probably of great 
importance that such cases are presented 
}and discussed at a conference for the 
hospital staff and personnel (2, 4, 5, 7). 
This might be one way to lower the in- 
cidence of hospital-acquired infections. 


Summary and Conclusions 


Some fatal cases of bacterial infections 
from a children’s hospital are presented 
and analysed. The total mortality in such 
diseases is now low in Sweden. In order to 
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reduce it still further, the following pre- 
cautions are suggested: 

1. Early clinical and_ bacteriological 
diagnosis (especially in infants regarding 
capillary bronchitis and meningitis). 

2. Bacteriological examinations (sensi- 
tivity tests included), repeated in cases 
with poor response to treatment. Early 
report of results. 

3. Good hospital hygiene. The hospital 
should not be dangerous for the patients. 

4. No prophylaxis with antibiotics. Lim- 
ited use of broad spectrum antibiotics 
for treatment. 

5. In fatal cases with proven or suspected 
infections bacteriological examinations 
post mortem are important for complete 


evaluation. 
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From the Institute of Hygiene and Bacteriology, University of Uppsala, and the Pedié ‘ric 


Department, University Hospital, Uppsala, Sweden 


Evaluation of the Recovery of Staph. aur. pyogenes from the Fae 


"eS 


of Children. 


by G. LAURELL, L. PHILIPSON and A. GYLLENSWARD 


A number of investigators have re- 
ported the association of Staph. aur. pyoge- 
nes! with infantile diarrhoea; but the evi- 
dence for its pathogenicity in the gastro- 
intestinal tract is still debated (4, 5, 6, 10, 
11, 12, 13). These organisms have also 
commonly been recovered from the stools 
of asymptomatic infants (6, 12), and the 
pathogenicity of these staphylococci in 
the gastro-intestinal tract has therefore 
been linked with their enterotoxin-pro- 
ducing capacity (14). 

Changes in the gastro-intestinal flora 
after 
cially of the tetracycline type, constitute 
an important complication, since they may 
result in disease (2, 8). Both Staph. aur. 


treatment with antibiotics, espe- 


enteritis and pseudomembranous entero- 
colitis may probably be ascribed to this 
mechanism, but the latter seems to be 
relatively uncommon in children (1). Thus 
antibiotic therapy may result in over- 
growth of a strain of staphylococci that 
has developed resistance during therapy, 
or in hospital infection with a naturally 
resistant strain differing from the original 
strain in phage-pattern and _ sensitivity 


towards antibiotics. 


From the clinical point of view it seems 
important to elucidate whether the pre. 
sence of staphylococci in the faeces of 
children is an indication for antibiotic 
treatment, irrespective of the presence of 
diarrhoea and whether the appearance of 
a resistant strain during or after treatment 
should occasion a change in the antibiotic 
administered. 

The study presented was designed to 
investigate these problems. 


Clinical Material 


The investigation was carried out from 
March 1954, to December, 1956. Only chil- 
dren from whom Staph. aur. had been 


iso- 


lated from faeces on some occasion vere 


included. Since not all children were «xa- 
mined on admission, the series represen's a 
random sample. Altogether 95 children \ 
Of these, 14 were admitted to 
hospital with the diagnosis of infa 


gastro-enteritis, and a further 18 cases 


included. 


de- 


veloped hospital infection during their s ay. 


The remaining 63 children had no sympt »ms 
from the intestinal tract. 
Antibiotic treatment.—Most of the  hil- 


dren with enteritis either on admissio) of 
acquired in hospital were treated with « xy- 
tetracycline (Terramycin) in doses 01 


1 Staph. aur. pyogenes has been used for coagulase-positive strains of Staph. aur., and they art 


hereafter termed staphylococci. 
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mg kg body weight divided into 4 daily 
dos. s. Tetracycline (Achromycin) was used 
in some cases, in the same dosage. Some of 
hildren with diarrhoea received no anti- 
biotic treatment. The 63 children with no 
diarrhoea were also treated with antibiotics 
of tetracycline type when antibiotics were 
indicated for other reason, for comparison 
with the “enteritis” groups, but not all of 


the 


these cases received antibiotics. 


Methods 


Faeces.—Samples of stools were ordered 
to be taken on admission to hospital, and 
before and after antibiotic treatment. Un- 
fortunately, however, specimens were not 
obtained to the extent desired. Cultures were 


} started within 12 hours of sampling. 


Bacteriological technique. The following 
media were used. (1) Endoagar plates, (2) 
ordinary agar plates containing 10% of de- 
fibrinated sheep’s blood, (3) phenol-mannite 
agar plates (Chapman, 3), (4) Kauffman 
broth for enrichment of Salmonella species, 
and (5) desoxycholate agar plates, for se- 
condary culture from the Kauffmann broth. 

The diagnostic equipment thus covered 
salmonella, pathogenic coli, and staphylo- 
cocci. 

Staphylococci were isolated the 
sheep's blood agar and the Chapman plates. 
They were read at 24 and 48 hours after in- 
cubation at 37°C. The amount of staphylo- 
cocc! recovered was graded from + to + + + 


from 


(+ :neaning <10 colonies; +, 10—50 colo- 
nies: and +, >650 colonies). All strains 
with a yellowish pigment were tested for 


Tar 
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coagulase by the tube method, and only 
coagulase-positive strains were classed as 
Staph. aur. pyogenes. 

Phage patterns.—Phage-typing of the 
staphylococci was carried out to some extent, 
and was kindly performed by Dr. G. Wall- 
mark, State Bacteriological Laboratory, 
Stockholm, Sweden. The phage strains used 
and the technique has been described previ- 
ously (15). 

Sensitivity tests.—All strains of Staph. aur. 
were tested for resistance to the commonly 
used antibiotics (sulphonamides, penicillin, 
erythromycin, streptomycin, chlortetracyce- 
line, oxytetracycline, and chloramphenicol). 
The sensitivity tests were carried out ac- 
cording to the disk method described by 
Ericsson et al. (7). Resistance to antibiotics 
was assessed by the inhibitory concentra- 
tion in vitro, the following concentrations 
indicating resistance. Sulphonamides, 6 mg %; 
penicillin, 2 IU/ml; erythromycin, 4 ug/ml; 
streptomycin, 12 chlortetracycline, 
4 ng/ml; oxytetracycline, 4 ug/ml; Chloram- 
phenicol, 6 g/ml. Strains inhibited by these 
concentrations are termed sensitive in this 
investigation, and those showing growth are 
classed as resistant. 


Results 


Characteristics of the Staph. aur. pyogenes 
strains isolated 

The sensitivities to antibiotics of the 

tetracycline type are shown in Table 1. 

Only 19.7 % of the strains isolated on ad- 

mission were resistant towards antibiotics 


Sensitivity to antibiotics of the tetracycline type of Staph. aur. pyogenes isolated 
rom the faeces of children on admission and after one week or more in hospital. 


No. of strains on 


No. of strains after one 
week or more in 


Strains resistant 


admission hospital Strains resis- after 1 week or 
ensi- _—_ Resis- Sensi- _Resis- tant on admis- more in hospi- 
tive tant Total tive tant Total sion, per cent tal, per cent 
49 12 61 12 48 60 19.7 80.0 
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TABLE 2. Phage patterns of Staph. aur. pyogenes strains isolated from faeces of chil: ren 
on admission and after one week or more in hospital. 


Phage patterns 


No. of strains 
on admission 


No. of strains after one week 


or more in hospital 


KS 6 
6/47/819/1034 
6/47/1034 
6/47 
47/819/1034 
47/1034 

819 

155 

166 

Not typable 


Total number of strains 
phagetyped 


Per cent of strains 
not typable 


TABLE 3. Staph. aur. pyogenes and their resistance to antibiotics of the tetracycline type. 


in the faeces of children WITH DIARRHOEA on admission or acquired in hospital. 


No. of strains before 
treatment 
Samples taken at 


No. of children 
in whom staphy- No. of 


No. of children 1-14 >14 No. of strains lococci were — children 
with Staph. aur. days in days in after treat - eliminated by not trea- 
in their faeces hosp. hosp. ment treatment ted 
Hospital 
infections 18 7/3% 1/7 1/10 2 3 
Diarrhoea on 
admission 14 9/1 1/4 5 


@ Numerator denotes strains sensitive and denominator strains resistant to antibiotics of thi 


tetraycline type. 


of the tetracycline type, but 80% of the 
strains isolated after one week or more in 
hospital showed resistance. Two strains of 
pathogenic coli were isolated in this mate- 
rial together with Staph. aur., both type 
0111, B4. No symptoms were observed in 
the children with these strains. No Salmo- 
nella organisms were recovered from the 


children examined. 


admission and those recovered after 


clear difference in pattern was obse 
between strains isolated at the tim: 0! 


The phage patterns of 42 strains tested 
are shown in Table 2. The strains isol :ted 
from the epidemic described later are 
not included in the table. Many of the 
strains could not be phage-typed; an | 0! 
the strains that reacted with phages neé 
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T. BLE 4. Staph. aur. pyogenes and their sensitivity to antibiotics of the tetracycline type 
in the faeces of children WITHOUT DIARRHOEA. 


First course of treatment 


Second course of treatment 


No. of No. of 
No. of strains before children No. of children No. of 
treatment in whom cases inwhom cases 
No. of Samples taken at staphy- showing staphy- showing 
Total child- 1-6 >6 No.of  lococci change in No. of lococci change in 
no.of rennot days in days in strains wereelim- phage- strains wereelim- phage- 
children treated hosp. hosp. after inated type after inated type 
63 13 32/87 3/5 4/26 6 4 0/7 1 2 


“ Numerator denotes strains sensitive and denominator strains resistant to antibiotics of the 


tetracycline type. 


week or more in hospital. All strains ex- 
cept one that reacted with phages be- 
longed to phage group III according to 
Williams et al. (16). 


Change in antibiotic sensitivity of staphy- 
lococet from children with diarrhoea and 
children with no such symptoms 


Among the children with diarrhoea 
either on admission or due to hospital in- 
fection, a marked increase in resistant 
strains was observed after tetracycline 
treatment (see Table 3). Effective treat- 
ment in the bacteriological sense, viz. eli- 
mination of staphylococci from the faeces, 
was achieved in 5 children who had had 
diarrhoea on admission but only in 2 chil- 
dren with hospital infection. Clinically, 
most of the children with diarrhoea im- 
proved on treatment, in spite of a high 
inc dence of resistant staphylococci in the 

es after treatment. 

“he staphylococci recovered from the 
chi dren with no diarrhoea showed similar 


fac 


ch: racteristics (see Table 4). Initial treat- 


me it with antibiotics of the tetracycline 
ty) » upon various indications resulted in 
m: ked increase in resistant strains, and 


elimination of the staphylococci was 
achieved in only 6 children. In 4 of this 
group of children the change in resistance 
was accompanied at the same time by a 
change in phage-type. After a second 
course of treatment with antibiotics of the 
tetracycline type no sensitive strains could 
be isolated, and in two cases Staph. aur. 
was eliminated. Change in phage-pattern 
of the staphylococci between the first and 
second courses of treatment was observed 
in 2 cases. 
Change in type of staphylococci induced by 
treatment or occurring spontaneously 
The previous results suggested that the 
reappearance of staphylococci in the faeces 
may have been due to a substitution of the 
strain due to treatment, but this may also 
accur spontaneously without antibiotic 
treatment. Table 5 shows the number of 
strains in which the phage pattern and/or 
antibiotic sensitivity differed from those 
of the original strains in children treated 
and untreated and with and without diarr- 
hoea. As expected, there was a marked 
increase in resistant strains after antibiotic 
treatment, but in some children the strains 


type 
of 
ren 
rea- 
| 
th 
ted 
ted 
are 
the 
| 
n 
ved 
ol 
ont 


48 G. LAURELL, L. PHILIPSON AND A. GYLLENSWARD 
TaBLeE 5. The substitution or elimination A minor epidemic of diarrhoea proba ly ¥ ;..,.. 
of strain of Staph. aur. in the faeces of child- caused by staphylococci ha 
ren induced by antibiotics of the tetracycline This outbreak occurred in the infan‘s’ | 5. 
type or occurring spontaneously. ward. One child developed diarrhoea on | — 
November 26th and the second case was | 4° 
No. of strains of Staph. No. of children in 9 
aur. differing from the whom Staph. aur. dis- observed on December 2nd. Within 2 adil 
original strain appeared from faeces weeks further 6 children were affected, f — 
and in all 8 children were involved. Clini- 
treatment ously treatment ously treat 
cally the enteritis was mild, 5-7 diarrhocal J terra 
With diarrhoea—32 children examined stools being passed per day. As seen in aap 
0/107 1/2 5 2 Fig. 1, strains of varying sensitivity to §'°"*! 
Without diarrhoea—63 children examined antibiotics were isolated at the onset of Tig. ? 
0/14 4/1 5 2 symptoms in some of the children, but all P spent: 
repres 
but one of these strains reacted with J)" 
Nume rator denotes: strains sensitive ind phage 166. Thus in spite of different sen- 
denominator strains resistant to antibiotics of sear . 
the tetracycline type. sitivity pattern these strain may be iden- 
tical. It is of interest that all the strains 
were replaced by others even without reacting with phage 166 did so only in 
treatment. These new strains from untrea- high concentrations of phage and the non- 
ted children seem to be less resistant than typable strain isolated may therefore be 
those appearing after antibiotic therapy. identical to the others. After treatment, | howe 
from 
in so 
Phage pattern and antibiotic sensitivity of from 
Case | Treat Day of onset staphylococci isolated 
No. | ment ment 
maiz 2 3 46 5 6 TF 15 Onset or no treatment After treatment and 1 
Negative of tr 
NT @000000 
166 OO00000 | 19 OBOCCCO 
Not done 19 Pu 
166 O@O00@00 ment 
+ Not done typ 
8 + 166 @O0CCCO Negative result 
loc 
Fig. 1. An epidemic of enteritis probably caused by staphylococci within a paediatric ward u: it. } 
Antibiotic sensitivity pattern is indicated by seven linked circles representing, in this order, " 
sulphonamide old 
penicillin 

erythromycin 
streptomycin mtert 
chlortetracycline sep 
oxytetracycline 35 
chloramphenicol 

@, resistant; ©, sensitive. NT = Not typable. 
4 
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Ses vy! + + + 
+ + + isolated 
ave 47 47 
NT Phage pattern wy 166 166 
“ 1034 1034 of strains 155 155 
Antibiotic Antibiotic 
sen uvity sensitivity 
pattern pattern 
antiblotic Antibiotic 
treatment with treatment with 
terramycin Be terramycin 
= 
5 6 7 8 9 10111213141516171819 Weersin 3 4 5 7 
hospital hospital 


lig. 2. Two cases illustrating the substitution of strains of Staph. aur. after treatment or occurring 


spontaneously. NT 
representing, in this order, 


however, resistant strains were isolated 
from most of the treated children, and 
in some cases the phage-patterns differed 
from those of the original strain. Treat- 
ment was clinically effective in all cases, 
and no diarrhoea was present after 4 days 


of treatment. 


A s:lection of cases to illustrate the results 


' Further to illustrate the fact that treat- 


‘ment with antibiotics of the tetracycline 
type or even no antibiotic treatment may 


result in substitution of strains of staphy- 
loco-ci in the faeces, two cases will be 


des vibed. 


‘Lhe first case (Fig. 2) is that of a 1-week- 
old irl admitted to hospital for a cardiac 


exa iination owing to situs inversus of all 


int nal organs and defects in the atrial 
sep’ im and great pulmonary veins (record 

; 3.5. . She showed no gastro-intestinal symp- 
ton except for loose stools for 5 days at the 
4 8860 Acta Paediatrica, Suppl.: 117 


Not typable. Antibiotic sensitivity pattern is indicated by seven linked circles 


sulphonamide 
© penicillin 
) erythromycin 
© streptomycin 
© chlortetracycline 
© oxytetracycline 
© chloramphenicol 
@, resistant; 


sensitive. 


end of her stay in hospital which lasted for 
34 months. She had frequent episodes of 
upper respiratory infection, however, for 
which antibiotic therapy was given owing 
to her cardiac incompensation. As seen from 
Fig. 2, a Staph. aur. strain reacting with 
phage 819 and resistant to antibiotics of the 
tetracycline type was recovered from the 
stools immediately after a period of terra- 
mycin treatment. During a period with no 
antibiotic treatment, this strain was repla- 
ced by another strain reacting with addi- 
tional phages, and this second strain re- 
mained in the gut for a considerable time. 
Before a second course of treatment with 
terramycin no Staph. aur. could be isolated 
but after treatment a strain reacting with 
no phages and different sensitivity pattern 
was recovered. After this course of treatment 
the child had frequent loose stools. 


The second case, also shown in Fig. 2 


2, is 
that of a newborn boy with a severe cleff 
lip and palate (record 4/55). This boy deve- 
loped no hospital infections, but was given 
oxytetracycline prophylactically for 4 days 
before operation. Before treatment a strain 
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Weeks in hospital 1 week 2 weeks 
141 | 45 | 16 | 17 | 18 19 | 20 | 2 | 2 | 23 2% | 5 | 2 | 27 2» | »| 
39 4 
Temperature in ‘C 38 
37 
36 
Weight in kg 
Neomycin 
| 
Erythromycin 
+ + + + + + + + + + + + + 
e Coliform organisms + + + + 0 0 + + + + + + + + + + 
6 + + + + + + + + + + + | 
2a 4: | 
ureus 
2 Staph. aureus 0 0 0 0 0 0 0 0 0 0 | 


Fig. 3. A case of enteritis of probable staphylococcal aetiology following neomycin treatment. 


to all antibiotics isolated, 


which was untypable by phages. After this 


sensitive was 


course of treatment a resistant strain was 
isolated which reacted with phages 166 and 
155, and a similar strain was also isolated 
six weeks later. 

These two cases further indicate that 
substitution of staphylococcal strains may 
occur in connexion with antibiotic treat- 
ment or even spontaneously. The new 
strains may in some cases be pathogenic as 


illustrated by the following case. 


A 7-month-old boy with malignant ul- 
cerative colitis (record 60/57), who 2 weeks 
after admission developed a hospital infec- 
tion with high fever and severe diarrhoea 
(see Fig. 3). Neomycin was administered to 
suppress the intestinal flora; if a bacterial 
agent was responsible for these severe symp- 
toms, improvement could be expected. 
Clinical improvment was in fact observed 
during neomycin treatment, and the tempe- 
rature subsided. No staphylococci were iso- 


lated during the pyretic period, but wher 
treatment was interrupted after 3 days an 
abundant growth of staphylococci was ob- 
tained. Coliform organisms also reappeared 
At the same time the child developed signs 


staphylococci were sensitive only to eryt|:ro- 


of enteritis, and again became very ill. 


mycin of the antibiotics tested, and wher: the 
temperature rose for the second time this 
drug was administered and the temperatur 
fell. The stools never became complctely 
normal, owing to the colitis but definite im- 
provment in the stools was recorded iftel 
erythromycin treatment. 


Discussion 

The results suggest that treatment » ith? 
antibiotics of the tetracycline type 1a) 
of 
strains in the gut by resistant stra ns. 


cause substitution staphylocox cal 


This is also corroborated by change: it 


phage-type in a number of cases. ‘he 


phenomenon was observed equally o tet 
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in children with and without diarrhoea. 


~Suistitution of staphylococcal strains in 
‘the faeces during stay in hospital was also 
‘observed in children not treated with anti- 
| biotics, however, but resistance to anti- 


biotics was less frequently observed among 


| these new strains. 


The role of staphylococci in the faeces 
of children is difficult to evaluate. Several 
reports indicate that they may be associa- 
ted with gastro-enteritis or pseudomem- 
branous enterocolitis (1, 4, 10, 11, 13), but 
many investigators report a high inci- 
dence of staphylococci in healthy chil- 
dren (6, 12). Difficulties in phage-typing 
staphylococci from the faeces render this 
technique less useful in evaluating the 
role of these organisms, as shown. in the 
present study and reported previously 
(16). The findings in the minor epidemic 
described indicate, however, that the me- 
thol may have its advantages. The pa- 
thogenicity of staphylococci in the gastro- 
intestinal tract has been associated with 
the enterotoxin-producing capacity of the 
strains, tested in monkeys (14), but as 
long as no simpler method of testing this 
is available, it cannot have practical im- 
plications. 

Thus the difficulty arises of how to 
handle the patient with staphylococci in 
the faeces. The results obtained suggest 
tha 
line» should not be administered prophy- 


antibiotic treatment with tetracyc- 
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lactically to eliminate staphylococci from 
the gut, since this may result in substitu- 
tion by resistant staphylococci of different 
type which may be highly pathogenic. 
This has also been stressed by Frisby (9). 
On the other hand, if diarrhoea occurs 
and is suspected to be of staphylococcal 
origin, treatment may be given. The du- 
ration of antibiotic treatment ought to be 
based on the clinical picture and not on 
elimination of staphylococci from the gut. 
The results further indicate, as shown by 
the epidemic and by one of the cases de- 
scribed, that staphylococci may be patho- 
genic in the gastrointestinal tract, and 
may give rise to mild or even severe 
enteritis. In no case was pseudomembra- 
nous enterocolitis observed. This is pro- 
bably rare in children (1). A staphylococcal 
aetiology of the epidemic of enteritis de- 
scribed, and of the case of severe enteritis 
following neomycin treatment may _ be 
disputed because a viral aetiology was not 
excluded, but the results suggest at least 
that this was the case. 

The sudden appearance of pathogenic 
staphylococci in the hospital thus calls 
for extensive study to obtain methods to 
distinguish between the more and _ less 
pathogenic strains. With regard to the 
staphylococci in faeces, a simple method 
for detecting enterotoxin-producing capa- 
city is urgently needed. 


Summary 


series of children with and without diarrhoea from whose faeces Staph. aur. pyogenes 


hac been recovered on some occasion was studied. Samples were taken before and after 


tre ‘ment with antibiotics of the tetracycline type, and, in untreated cases, at regular 


int: -vals during their stay in hospital. Phage-typing of the staphylococci was performed 


to - me extent. 
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The results indicate that most children with staphylococci in the faeces had on adm s-! Fr 
sion a sensitive strain, which after treatment was replaced by a resistant strain the phaye- 
pattern of which differed from that of the original strain in some cases. In some of ‘he 
children not treated, the strains of staphylococci also changed after a certain period 
in hospital. Representative cases to illustrate these phenomena are described. 

Further, a minor epidemic of enteritis, probably staphylococcal in origin, is described, 
and also a case of severe enteritis, which may have been caused by staphylococci aiter 


suppression of the gastro-intestinal flora by neomycin. 
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C-reactive Protein in Human Colostrum 
by FOLKE NORDBRING and LENNART PHILIPSON 

—— C-reactive protein (CRP) is generally On the other hand, it has been shown 
— considered to be a nonspecific indicator of | that CRP might be present in the sera of 

inflammation or tissue destruction, whe- very young infants (Rozansky & Berco- 
9: 201,| ther bacterial or from other causes. Some  vici, Philipson & Tveteras). These results 
, 1946, | controversy exists concerning the nature were interpreted as evidence for a pro- 
nd the} of this protein. Electrophoretic studies duction of CRP by the infants themsel- 
in the| have revealed that the protein migrates _ ves. 
_— either in the gamma globulin fraction However, the possibility remains that 
4954.) (Wood, McCarty & Slater, 1954; Hedlund the substance might be transmitted from 
we & Brattsten, 1955) or in the region be- the mother to the child by way of the 


J. 
| tween the gamma and beta globulins 


reven- (Philipson & Tveteras, 1957). 


n’s 


- 5 $4, 


jatr cs, 


teritis 
ret hod 


of 


The substance has been found in sera of 
patients, suffering from various disorders 
(Hedlund, 1947). The occurrence of CRP 
in normal pregnancy has been reported by 
Shetlar, Bullock, Shetlar & Payne (1955), 


by Rozansky & Bercovici (1956) and by 


) Philipson & Tveteras. Rozansky & Berco- 
vici also examined 71 maternal sera 2-12 
hours before delivery. CRP was present in 


} 66 per cent of these samples. 


iology 


\though CRP might appear in the se- 
run: of the mother, a passage from mother 


toi .etus during the intrauterine life seems 
un! kely to occur. Rozansky & Bercovici 
an: ysed 73 cord blood samples and found 
CR’ in only one instance. Philipson & 
Tv teras examined 46 cord blood samples 
bu failed to demonstrate CRP in any of 


the ¢ specimens. 


colostrum or milk. In order to exclude 
this possible route of transfer, human co- 
lostrum and milk samples were examined 
with regard to the occurrence of CRP, and 
the results of this investigation are given 


in the present paper. 


Methods 


CRP antiserum (CRPA)_ reaction.—The 
reaction was carried out as a precipitation 
test according to Anderson & McCarty 
(1950). Each millimetre of precipitate was 
expressed as a +, the maximum degree of 
reaction, > 4 mm, being 

Léfstrém’s reaction.—This test was per- 
formed according to L6fstr6m (1943) as a 
capsular swelling reaction of the pneumo- 
coccus type 27. Titre 1 means the lowest 
concentration, titre 32 the highest. 

The methods are more fully described by 
Philipson & Tveteras. 

Control experiments revealed that CRP 


— 
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could be recovered in milk samples by the 
two tests, and no nonspecific inhibition of the 
reaction by the presence of milk was noticed. 


Material 


Sera and colostrum or milk samples from 
a number of mothers, admitted to the Ma- 
ternity Ward, University Hospital of Upp- 
sala, were available. The sera were obtained 
on the first or the second day following 
delivery. A series of daily colostrum samples 
from the first to the fifth day post partum 
was secured from each mother, and in some 
instances cord blood samples and milk 
samples from the eighth day post partum 
were collected. The milk fat was removed 
by centrifugation, and all samples were hand- 
led as described by Nordbring (1957). 

Twelve mothers were found to have titres 
of + + or higher in the CRPA reaction and 
2 or higher in the L6fstrém reaction in their 
sera. The colostrum and milk specimens 
from these 12 mothers were analysed. 


Results and Discussion 


The results are given in the table. 


TABLE 1. 
Milk Ist Milk 
to 5th 8th day 
Maternal Cord day post post 
serum serum partum partum 
No. of 
samples 
tested — 3 60 3 
No. of 
samples 
positive 12 0 0 0 


It is readily seen that CRP could not be 
demonstrated in any of the 63 colostrum 


FOLKE NORDBRING AND LENNART PHILIPSON 


or milk specimens analysed, althou :h 
CRP was present in the sera from all i2 
mothers. Most of the mothers had tit:es 
of +++ and 8 respectively in the t.vo 
tests. As expected, CRP was not found in 
the three cord sera available. 

Obviously, CRP is not secreted into the 
human colostrum or milk in measurable 
amounts, and consequently, CRP is not 
transferred to the infant by ingestion of 
colostrum or milk. 

The result of this investigation seems to 
corroborate the assumption made in pre- 
vious publications that the infant is able 
to produce CRP in early life. There is 
evidence that the formation of CRP may 
occur very rapidly. Rozansky & Berco- 
vici reported the presence of CRP in a 
baby, two days old, suffering from pem- 
phigus neonatorum. In the one case of! 
theirs, in which CRP was found in the 
cord serum, they considered the protein | 
to be formed by the foetus itself in re- 
sponse to infection in utero during the 
protracted labour. Philipson & Tveteras | 
demonstrated highly positive CRPA- and | 
Léfstrém reactions in serum from a child, 
one day old, with meningitis of unknown 


origin. 


The accumulated evidence of rapid for- , 
mation of CRP, even by newborn infa:'ts, 
strongly supports the opinion that € 
is not of antibody nature, because 
antibody formation usually requires a )n- 
siderable time. The appearence of CR’ in 
sera of very young infants suggests ‘ 
the production occurs regardless of 
maturity of the mechanism of antil) dy 
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C-REACTIVE PROTEIN IN HUMAN COLOSTRUM 


Summary 


(-reactive protein (CRP) was determined in colostrum and milk samples from 12 
mothers with positive reactions in their sera. CRP could not be demonstrated in any 
of 63 colostrum or milk specimens, and a transfer of CRP from mother to child by 
ingestion of colostrum or milk thus is unlikely. This supports the opinion that the 


infant is capable of producing CRP in early life. 
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From the Hospital for Infectious Diseases, Uppsala, Sweden 


Steroid Therapy in Some Types of Post-infectious Encephalomyel itis 


by GOSTA OBERG 


Neurological complications such as me- 
ningitis, encephalitis, and myelitis may 
appear after morbilli, varicella, and ru- 
bella. They are common after infectious 
parotitis, and may also follow infectious 
mononucleosis. Similar complications may 
also occur after immunization: the ence- 
phalitis associated with vaccination against 
small-pox is well known, but during the 
last decade it has been very rare in Swe- 
den. 

The incidence of these complications in 
measles, chicken pox and German measles 
varies in different epidemics, and an in- 
crease (Hoyne & 
Slotkowski, 1954). This may of course 


has been established 
largely be due to the greater facilities 
available, and to more exact diagnosis, 
even quite mild neurological signs being 
noted. There has probably been a true 
increase, but this has not been proved. 

In a series of 285 cases of measles en- 
cephalitis the mortality was 20%, 40% 
of cases had residual signs, and 40% re- 
covered completely (Hamilton & Hanna, 
1941). In Sweden the mortality from meas- 
les during the last decade has been about 
0.20 per 100,000 1955 
the rate was 0.29. The acute mortality 


inhabitants. In 


rate of encephalitis after chicken pox 
has been about 10%, and after rubella 
20% (Miller, Stanton & Gibbons, 1956). 


No deaths from chicken pox and rulvella 
have been reported in Sweden during re- 
cent years. The clinical course is variable, 
but recovery is common and after rubella 


sequelae are very rare. Antibiotic therapy 
has provided excellent weapons in the 
fight against bacterial complications, «ind 
we have also better knowledge about the 
importance of a free airway and the ne- 
cessity of adequate ventilation in patients 
with disturbance of consciousness or (ys- 
phagia. The fatality rate must therefore 
now be lower than it ever has been in the 
past. 

There are no figures for the incidence of) 
neurological complications in these disea- 
ses in Sweden. Investigations from abroad 
have indicated a rate of 1-2 per 1/00 
(Tyler, 1957). The incidence seems to \ ary 


in different epidemics. Several invest iga- 
tions show that the electro-encephalogram 
is commonly abnormal in patients who 
have clinically recovered from measles en-} 
cephalitis (Holmgren & Jacobsson, 1‘ 
and Grossman & Gibbs, 1956). 

Investigations in Sweden have indic: ted 
a ratio of 1:3:15 between the incid« nee 
of encephalomeningitis following Ger) iat 
measles, chicken pox, and measles tre: ted 
in hospital (Strém, 1956). 

During the last 5 years we have tre: ted 
some patients with severe neurolo; 'ca 
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STEROID THERAPY IN POST-INFECTIOUS ENCEPHALOMYELITIS 


TABLE 1. 
Treatment, days after 
No. Age, appearence of neuro- 
Case years Diagnosis Main neurological signs logical signs. Course and sequelae 

Measles Guillain-Barré syndrome ‘Tracheotomy onthe Hospital treatment 

with cranial-nerve paral- 10th day after ap- 10 weeks. Convales- 
ysis and respiratory dis- pearance of neuro- cence about one 
turbance. Symptoms ap- logical signs. Respi- year. Emotional in- 
peared on the 8th day. rator one week. stability, lack of con- 

centration at school. 

2 9 Measles Guillain-Barré syndrome Cortisone 2nd-4th Hospital treatment 

with paralysis of the days. (Daily dose 2 weeks. Convales- 
limbs. Symptoms com- 100-50 mg.) cence 2 weeks No 
menced on the 6th day. sequelae. 

3 10 Measles Coma. Symptoms com- Cortisone 3rd-7th Hospital treatment 

menced on the 7th day. days. (Daily dose 4 weeks. Convales- 
100-50 mg.) eence 4 weeks. No 
sequelae. 

4 9 Chicken Convulsions. Coma. Hem- Cortisone 3rd—8th Six hours after be- 
pox iplegia spastica. Papillo- days. (Daily dose ginning of  treat- 

edema (3dioptres). Symp- 100-50 mg.) ment, fully con- 

toms appeared on the 7th scious. Within one 

day. day the hemiplegia 
disappeared, and 
after two days there 
was no_ papillo- 
edema. Hospital 
treatment 3 weeks. 
No sequelae. 

i) 15 Rubella Coma and respiratory dis- Prednisone 2nd-4th Hospital treatment 
(diabetes turbance.Symptomscom- days. (Daily dose 30 3 weeks. Convales- 
mellitus) menced on the 6th day. mg.) Immune glob- cence 6 weeks. No 

ulin. Tracheostomy sequelae. 
on the 4th day. Re- 
spirator three days. 

6 8 Chicken On the 5th day pyrexia Prednisone 11th & During the first days 

pox and headache. Admission 12th day (20 mg/ of treatment less 
to hosp. 6 days later.Cer- day) and 13th& comatose but on the 
ebellarsigns. Babinskipos. 14th day (15 mg/ 14th day amaurosis, 


Coma. 


day). Gamma-glob- 
ulin. 


coma, and pyrexia 
(39°C). After 5 days 
no fever and again 
conscious. Hospital 
treatment 8 weeks. 
EEG still pathologi- 
cal after 10 months. 


co iplications following these exanthe- 
m: ‘a. Six consecutive cases are presented 
in the table. The very severe course in 
C: e 1 made it necessary to employ a 


disturbance. 


positive-pressure respirator, and the child 
recovered. The convalescence was very 
prolonged, and there was some residual 
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There are many reasons for attributing 
the neurological signs in these states, as 
well as in the encephalitis following small- 
pox vaccination, to anaphylactic reactions. 
The signs appear after a period of about 
one week following the appearance of the 
rash, as in many immunological reactions. 
During the acute stage the patient is 
often very ill, with convulsions and other 
signs of oedema in the central nervous 
system. The histological picture is one of 
acute disseminated encephalo-myelitis 
with perivascular demyelination. Similar 
lesions of the central nervous system are 
found in experimental hyperergic ence- 
phalitis in sensitized animals (Ferarro & 
Roizin, 1957). 

Some steroids have a rapid and highly 
beneficial effect wpon the hyperergic reac- 
tion. On the other hand, it is well known 
that corticotherapy can lower the resist- 
ance to infection (Schwartzmann ef al., 
1953). In severe bacterial infections such 
as meningococcaemia, cortico-steroids as 
supplement to antibiotic therapy may be 
life-saving (Cassidy, 1957). In an infection 
which cannot be controlled with antibio- 
tics, it is of course necessary to be hesitant 
about the use of cortico-steroids. 

These neurological complications may 
give rise to severe, acute reactions, how- 
ever, and the risk of residual symptoms is 
not to be disregarded. To try a short 
course of steroid therapy in the post- 
infectious phase of the illness might there- 
fore be justified. In Cases 2, 3, and 4 the 
neurological signs disappeared very rapidly 
during steroid therapy, and the patients 
showed no residual signs. In Case 5 the 
treatment seemed to be effective on the 
first day, but the patient again became 
unconscious. On the fourth day after the 
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appearance of neurological signs he had to? ¢ra i 
be tracheotomized, and was treated ir a) man 


positive-pressure respirator for three da \s. 


This experience of course made us more} lishe 


doubtful about the value of steroid ther- 
apy, but some encouraging reports and in 
particular the investigations by Apyel- 
baum & Abler (1956) could not be neg- 
lected. They treated 17 consecutive cases 
of measles encephalitis with corticotroph in. 
All patients survived, 15 of them recov- 
ered completely. 

Further trials of steroid therapy were 
indicated, and a patient with chicken }ox 
with neurological complications (somno- 
lence and signs of cerebellar damage) was 
given prednisone. After two days the dose 
was lowered. The patient was fully cons- 
cious, and had only slight ataxia. After a 
further two days the temperature again 
increased, and the patient suddenly be- 
came unconscious. The prednisone was 
immediately withdrawn, and large doses 
of immune-globulins were administered 


(Case 6). After prolonged treatment and | 


convalescence, the patient was able to 
return to school again, but 10 months 
later the electro-encephalogram still 
pathological. 


Discussion 


The neurological complications of these 
exanthemata prove fatal in 5-20°, of 
cases. The initial symptoms may be severe, 
and coma can last for many days. M1s- 
cular paralysis may threaten the patie: t’s 
life, and sequelae are not uncommon. E\ en 


if the incidence of severe complication: is 


not high, follow-up investigations of en 
show behaviour disturbances, irritabi! ty 
and emotional instability, lack of cone n- 
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mann, 1956). 

Many animal investigations have estab- 
lished the fact that steroids reduce the 
resistance to bacterial and virus infections. 
The depressant effect on antibody-pro- 
duction depends on several factors. Ad- 
miiistration of cortico-steroids before in- 
jection of antigen causes a reduction in the 
circulating antibodies. The minimum dose 
of steroids producing this effect varies in 
different animal species, but the doses 
used in these experiments have been very 
high in comparison with those used in 
clinical therapy. In higher doses the ste- 
roids can produce a reduction in the cir- 
culating antibodies even when given after 
the injection of antigen (Berglund, 1956). 
These findings cannot be applied directly 
to clinical medicine. It is known, however, 
that a virus infection such as measles or 
chicken pox, or inoculation with vaccinia 
virus, in a person who is being treated with 
steroids for another condition may have a 
severe or even fatal course. In some of 
these cases, of course the primary illness 
(lymphosarcoma, leukaemia, or other se- 
vere blood or reticuloendothelial disease) 
will certainly have influenced the outcome. 
The danger of corticoids in virus disease 
is well established (Haggarty & Eley, 
1956). 


hese} ©The situation is different if we try to 
Off male use of the antipyretic and anti- 
cre, infl:mmatory effects of steroids during a 
ph: se of the virus disease when antibody 
1t’s— proluction is probably not liable to be 
ven} inf ienced (especially when clinical doses 
» is | are -mployed). There is therefore probably 
‘el no ibsolute contra-indication to sympto- 
| ty ma ic treatment with steroids in virus in- 
fec ions. 
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There are several theories about the 
aetiology of these neurological complica- 
tions. The clinical and histological and 
experimental findings often support the 
opinion that the phenomenon is an ana- 
phylactic reaction, although there may 
sometimes be a true encephalitis with pri- 
mary lesions of the nerve cells. 

It is striking that in one case of vaccinia 
gangraenosa with no capacity for anti- 
body-production there was total absence 
of lesions in the nervous system in spite 
of massive dissemination of vaccinia virus 
throughout the whole body (Oberg, Nat- 
horst-Windahl & Wesslén, 1958). In the 
encephalitis which may follow vaccination 
against small-pox, on the other hand, the 
lesions are similar to those seen in experi- 
mental anaphylactic encephalopathy. 

The use of steroid therapy in these states 
is based on the concept that the clinical 
signs are manifestations of allergic reactions 
in the nervous tissue. An intense anaphy- 
lactic reaction with local circulatory distur- 
bances may damage the nerve cells, and 
rapid suppression of this response is there- 
fore desirable. 

In Cases 5 and 6 there was slight im- 
provement during the first days of treat- 
ment with prednisone. In spite of con- 
tinued therapy the patients became worse 
again. One (Case 5) was vomiting, which 
could of course explain the lack of effect 
of oral therapy. In Case 6 the patient 
became worse when the dose of prednisone 
was reduced. Whatever the reason for the 
failure of steroid therapy in these two 
cases, it is important to report even failure. 
It is difficult to judge the value of therapy 
in an illness with a spontaneously variable 
course. Only prolonged experience can de- 
termine the efficacy of the treatment. 
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Summary 


The neurological complications of the contagious exanthemata may be very se. ere 
and dangerous. Residual symptoms are not uncommon. Even transitory anoxemia can 
cause cerebral lesions. Treatment by tracheotomy and respirator is somtimes life-saving, 
There is much evidence in support of the opinion that neurological signs following 
measles, chicken pox, and rubella are of anaphylactic origin. Attempts at steroid the: apy 
may be justified. Treatment should be applied only for a few days, and then only during 
a stage of the illness when good antibody production can be counted on. The clinical 
course in three cases successfully treated with cortisone and in two cases treated with 
prednisone without improvement are described. Until we know more about this therapy 
it should be reserved for severe cases with signs of cerebral oedema or cranial nerve 
paralysis. 
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There are evidences in the literature 
that pneumoencephalography in early in- 
} fancy may be complicated with more se- 


vere untoward reactions than in later 
years (1, 4, 11, 12). Even deaths have been 
reported. In a series of 151 encephalo- 
graphies on children, e.g. Charash & Dun- 
ning (4) had two deaths and nine non- 
fatal but serious complications. The fatal 
cases were 5 and 9 months old respectively. 

With the encephalographic technique 
used in our hospital during the years 1951- 
56 we observed reactions in infants, severe 
enough to lead to a re-evaluation of our 
clinical indications and to some modifica- 


tions of our technique. The purpose of this 
paper is to present the frequency and type 
of complications in this earlier material, to 
disciiss the clinical indications for ence- 
phalvraphy in early infancy, and to re- 
port ‘he techniques now successfully used 
in hands. 
aterial and Technique 1951-56 
material comprises 123 encephalo- 
grai_ s made during the years 1951—56 in 122 
infa ‘s and children less than 15 years of 
age All cases less than two years of age 


Pneumoencephalography in Karly Infancy 


—Risks, Clinical Indications and Technical Considerations 


by BENGT HAGBERG, ARNE HAMFELT, 
MARTIN H:SON HOLMDAHL and HERMAN LODIN 


were analyzed separately with special refer- 
ences to the clinical diagnosis and the indi- 
cation for encephalography. This series com- 
prises 35 cases. The encephalographic tech- 
nique used was as follows. 

In the older, quiet children the examina- 
tion was carried out under slight sedation 
with a small dose of morphine-scopolamine. 
In anxious children and in all children below 
the age of eight years, general anaesthesia 
was used. All these were premedicated with 
atropine in the usual dosage according to age 
and weight and sometimes Narkotal® (an 
ultrashort acting barbiturate) was used rec- 
tally as a basal narcosis. In most cases 
anaesthesia was induced with nitrous oxide— 
oxygen—ether and an oral endo-tracheal tube 
inserted when stage III, plane 3 (III:3) 
(ref. 6), was reached. In some of the later 
cases intubation was carried out after intra- 
venous induction with Narkotal® and suc- 
cinyleholine. After induction a light level of 
anaesthesia (III:1) was maintained during 
the encephalographic procedure with nitrous 
oxide-oxygen-ether using the Ayre’s T-piece 
technique for children under three to four 
years and a semi-closed system for those 
above this age. 

The 


used was the one of fractionated encephalo- 


roentgenological method routinely 
graphy (7), the ventricular system being 
filled with air by the lumbar route. Usually 
in children less than two years old 15-20 ml 
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Fig. 1. 


of air were injected and 10-15 ml of spinal 
fluid removed. The practical performance of 
the examination varied slightly depending 
on whether general anaesthesia was used or 
not. 

If general anaesthesia was not necessary, 
i.e. in older children, the technique used in 
adults was performed. Infants and small 
children requiring general anaesthesia were 
placed in a chair specially constructed! for 
encephalographic examinations in this age 


1 AB Elema-Schénander, Stockholm, Sweden. 


Anaesthetized 2-year-old child positioned in the special chair for pneumoencephalogra)hy. 


group. This allows the patient to be seci ely 
fastened in a sitting position (Fig. 1 A 
special device makes it possible to place the 
head in a suitable position during injec: ion 
of the air by the lumbar route. When the 
posterior fossa including the cisterns has | een 
investigated and the ventricular system) has 
been adequately filled with air, the pa‘ ent 
is laid down. The examination is then on- 
tinued in the horizontal position. If the pa- 
tient is too big for this special chair, but 
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PNEUMOENCEPHALOGRAPHY IN EARLY INFANCY 


ger ral anaesthesia is necessary, he is placed 
in the chair used for adults, where the head 
is held in a temporary device, which allows 
the position of the head to be altered as 
required. In all cases reported here the 
whole ventricular system and subarachnoi- 
dal space including the cisterns were fully 
examined. The child is in the sitting position 
for half to one hour and the whole encephalo- 
graphic examination takes one to two hours. 


Results and Discussion 
The frequency of the untoward reactions 
and their distribution in different age 
groups are shown in Table 1. “Slight reac- 


TasLe 1. Reactions to pneumoencephalo- 


graphy in different age groups. 


Reactions 

Age 

(vrs.) No. Severe Slight 

l- 2 l : 

2- 4 14 1 7 
4 6 12 0 6 
6-8 14 0 7 
8-10 17 0 11 
10-15 30 0 16 
Total 12% 6 59 
tions’ are defined as slight or moderate 


fever for a few days, nausea, headache, 
and or slight meningeal irritation. They 
were present in nearly half of our cases, 


but seemed to occur less frequently in 
young infants than in the older age group. 
The severe reactions, all of which are 
des ribed below, were significantly more 
con non in the first year of life. Life 
thr :tening situations occurred only in the 
yor .ger age group. All cases with serious 
rea ions are reported below. 

{ se 1. (Record No. 354/53).—27-day-old 
bo. He had a known cerebral haemorrhage, 
dia .osed during his first week of life and 
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with old red blood cells in his CSF. Later he 
developed a slight cerebral palsy with left 
hemiparesis and speech disturbance. 

Indication for encephalography was a pos- 
sible expanding intracranial haematoma. A 
total of 5 ml of spinal fluid was removed and 
replaced by 7 ml of air. Within a few minutes 
the child developed a severe peripheral vas- 
cular failure and probable cardiac arrest. He 
improved after intracardiac injection of ad- 
renaline and the usual resuscitative meas- 
ures, but for some while afterwards had an 
irregular bradycardia. He had completely 
recovered the same afternoon. 

CasE 2. (Record No. 1157/54).—3}- 
month-old girl with a probable perinatal 
brain damage. Later found to be severely 
mentally retarded. Encephalography was 
performed for increasingly frequent convul- 
sions and general retardation and showed 
central and cortical atrophy. During the 
examination the girl was in a poor general 
condition with repeated attacks of cyanosis 
despite, as far as could be ascertained, a 
completely free airway. Afterwards she 
rapidly improved. 

CasE 3. (Record No. 135/54).—11-month- 
old boy with multiple anomalies, later found 
to be severely mentally retarded. Encephalo- 
graphy to ascertain the extent of cerebral 
malformations showed agenesis of the corpus 
callosum. After the examination he was ill, 
pale with violent vomiting and fever. The 
next day he had markedly improved, and 
was afebrile on the third postoperative day. 

Case 4. (Record No. 105/55). 
old girl with a severe cerebral palsy, later 
found to have a tetraplegia with variable 
<ncephalo- 


11-month- 


tone and marked dyskinesia. 
graphy for the diagnosis of cerebral atrophy 
was performed with some difficulty, but 
without untoward reactions during the oper- 
ation. During the next few hours, however, 
she developed increasingly severe respira- 
tory stridor, culminating in respiratory ar- 
rest. Acute tracheotomy was_ performed. 
She slowly improved over the next few days. 
But it was not possible to remove the can- 
nula until more than one month after the 


encephalography. 
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CasE 5. (Record No. 319/56).—14-month- 
old girl with multiple malformations (syn- 
drome of Apert). Encephalography to ascer- 
tain the degree of cerebral malformations 
Already 


was attempted without success. 


during the first unsuccessful attempt to 
inject air the patient suddenly developed 
respiratory arrest. Irregular breathing re- 
turned as soon as she was laid down, but it 
was considered wiser to cancel the examina- 
tion. She improved during the next few 
hours. 

CasE 6. (Record No. 880/55). 
girl, acutely ill with vomiting, atactic gait, 
convulsions localized to the left, and con- 
jugated deviation to the right, but with no 
signs of increased intracranial pressure. She 
Sncephalography performed 


4-year-old 


was _ afebrile. 
for the diagnosis of a right-sided expanding 
process showed no abnormalities. During the 
examination the patient was quite well, but 
within an hour of recovery from the anaes- 
thetic, she suddenly became unconscious, 
was ashen-grey and vomited. She responded 
successfully to the usual resuscitative meas- 
ures and ten days later she was sent home 
in a fairly good condition. The diagnosis 
was thought to be acute encephalitis. 


Three of the above cases with severe 
reactions occurred during the encephalo- 
graphic examination (cases 1, 2 and 5), 
three in the postoperative period (cases 3, 
4 and 6). In only one of them, case 4, 
where difficulties in endotracheal intuba- 
tion were encountered, could the complica- 
tion be considered technically avoidable. 
Here a postoperative laryngeal oedema 
was the main cause of the respiratory 
distress. In the other cases, the sudden 
developing cardiovascular or breathing 
disturbances most likely were of a central 
origin, possibly unavoidable in a complete 
fractionated encephalography. This agrees 
with the experiences of de C. Coles (5) with 
small children. In case 5, a child with se- 


vere cerebral malformations, the upright 
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TABLE 2. Main clinical diagnosis in rva. 


tion to the type of brain damage. 
(35 infants and children, 0—2 yrs of age.) 
og 25 £3 
brain damage ~ = 
Perinatal 8 a 0 3 0 
Postnatal 2 1 2 2 2 
Malformations 0 4 0 3 0 
Cerebral tumor 0 0 0 0 ] 
Total 10 12 2 8 3 


position under general anaesthesia alone 
seemed to lead to respiratory and circula- 
tory distress of central origin. In general 
more strict indications and sometimes a 
modified roentgenological and anaesthetic 
technique may help to reduce the incidence 
of the above reactions. 

Table 2 shows the main clinical diagnosis 
of all cases less than two years of aye. 
Only 3 out of 35 cases were acute neuro- 
logical problems: one case of glioma of the 
pons and two with complicated forms of 
subdural effusions due to encephalitis and 
suppurative meningitis, respectively. 
TABLE 3. Clinical indications for pneu mo- 
encephalography in relation to the type of 
brain damage. 


(35 infants and children, 0-2 yrs of age. 
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Type of 
brain damage 


Hydroce- 
phalus, ob- 
struction? 
Brain 
atrophy? 
mations? 


Expanding 
process? 


| 


Perinatal 0 3 15 0 
Postnatal 4 1 4 0 
Malformations 0 3 0 4 
Cerebral tumor l 0 0 0 

Total 5 7 19 4 
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Te clinical indications for encephalo- 
grap iy are Shown in Table 3. In two thirds 
of the material the clinical question were 
eith-r brain atrophy or cerebral malforma- 
tions, i.e. the indications were highly rela- 
tive. All the cases less than two years old 
with serious untoward reactions belong to 
this group. In only five cases were expand- 
ing intracranial lesions suspected. In seven 
patients the indication was the differentia- 
tion between communicating or non-com- 
municating hydrocephalus, and in the lat- 
ter case the anatomical localization of the 
obstruction. 

Of 31 successfully performed encephalo- 
graphies 29 were abnormal, most of them 
with more or less diffuse central and corti- 


cal atrophies. In 5 of 35 cases the encepha- 
lographie findings led to the patient being 
sent to a neurosurgical clinic. 

With the experience gained from this 
earlier material the following general prin- 
ciples were worked out for routine en- 
cephalographic examination in our hospi- 


tal. 


Clinical Indications 


Strikingly similar encephalographic 
chanves with more or less central and 


cortical atrophies have been found in chil- 


dren with isolated mental retardation, 
cerebral palsy and cases of epilepsy with- 


out other neurological symptoms (10). 
Thus the roentgenological findings are by 
no n-ans pathognomonic of any of these 
} disor:'ers and are seldom of real diagnostic 
valu’. Further, there is no good correla- 
tion »etween the degree of atrophy and 
the . verity of the clinical picture (3, 4, 


12). ‘he prognostic value is therefore also 
ful in most cases. Moreover, the 
vy is seldom changed by the ence- 


dou! 
ther 
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phalographic findings in these diseases, 
specially in early infancy. 

In mental retardation considerable atro- 
phy can be found. Identical atrophy may 
also be found in a child who is bright or 
even of superior intelligence (1). Only in 
cases where severe malformations of the 
brain have been revealed may the ence- 
phalograms be of some prognostic value. 
Therefore, there are hardly ever any indi- 
cations for encephalographic examinations 
in mentally retarded children during their 
first years of life. 

In cerebral palsy most cases are found 
to have pathological encephalograms (10). 
No information of practical interest. is, 
however, to be gained except in very few 
cases prior to neurosurgical interventions 
e.g. hemispherectomy. However, to date 
this therapy does not apply to young chil- 
dren. 

In simple idiopathic epilepsy encephalo- 
graphy serves no useful purpose (1, 4). In 
suspected cases of symptomatic epilepsy, 
especially of Jacksonian type, encephalo- 
graphy may be useful, e.g. in localizing 
cortical scars or meningeal adhesions, 
which can be treated surgically. 

In hydrocephalus an early encephalo- 
graphy is necessary to decide whether a 
communicating or a non-communicating 
form is present. But, as will be discussed 
below, it is not necessary to perform a full 
radiographic examination in the first in- 
stance. A “bubble study” can give all the 
information needed in a high percentage of 
cases. 

In conditions where an expanding intra- 
cranial lesion cannot be excluded a full 
encephalographic examination is usually 
required. However, cases with long-stand- 
ing subdural hematomas or effusions are 
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better localized by a combination of sub- 
dural taps with air insufflation and/or 
carotic angiography. 

Thus the only strong indications for en- 
cephalography in early infancy are cases 
with progressive hydrocephalus or where 
an expanding non-subdural intracranial 
lesion is suspected. It appears to us desir- 
able to keep strictly to these indications 
in the younger age group. In older chil- 
dren, however, encephalography can be 
performed on more relative indications and 
may sometimes be valuable in the in- 
vestigation of non-progressive neurological 


disorders. 


Anaesthetic Technique 


When choosing an anaesthetic technique 
for lumbar encephalography one has to 
consider that the patient will be kept in a 
sitting position with the head flexed for 
a considerable time. It is therefore pre- 
ferable that whenever possible the investi- 
gation should be carried out under local 
analgesia, i.e. when the child is quiet and 
old enough to keep still when roentgeno- 
logical films are taken. Premedication must 
still be as light as possible. Morphine- 
scopolamine is best avoided as it causes 
of 
cooperation. We now use an oral barbitu- 


undue central depression and lack 
rate. Facilities for immediate intubation, 
should complications occur during the 
examination, must always be available. 

If general anaesthesia must be used 
for reason of age, fear or neurological 
status, we consider premedication with 
only atropine advisable. Anaesthesia must 
be light enough to avoid vasomotor dis- 
turbances in the sitting position, but deep 
enough to avoid straining on the tube or 
vomiting (5). Intubation under ether as 
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practised in the early part of the s: rie 
required an undesirable deep anaest! etii 
level, which often caused blood-pres sur 
fall when the child was placed in the sit ting 
position. We therefore now routinely us: 
succinylcholine given intravenously 
intramuscularly to facilitate intubation 
after induction with nitrous oxide—ox ge 
or with a small intravenous dose of Narko- 
tal®. Ordinary rubber tubes with a “built. 
in curve” are avoided as they may exert 
undue pressure on the arythenoid arca of 
the larynx (8) and tend to kink when the 
head is flexed forward. Tubes with a wire 
spiral throughout 
length are used. The tubes are smeared 


incorporated their 
with a water-soluble anaesthetic lubricant. 
When the effect of succinylcholine has 
worn off and spontaneous breathing is 
fully re-established the child is placed in 
the sitting position. The anaesthetic level 
is maintained as light as possible with 
50% nitrous oxide-oxygen and a sinall 
dose of ether, using in children under the 
age of three a modified Ayre’s T-piece 
technique with a thin-walled, double. 
ended rubber bag at the end of the exhaust 
tube of the Ayre’s T-piece (9). This allows 
for rapid control of respiration should it 
become necessary. In older children a uni- 
directional semi-open system is used. 
With the modern spark-proof roent zer- 
ological equipment at our disposa! we 
consider the risk of introducing «thet 
smaller than giving too high a conce: tra- 
In the last few 
cases we have substituted ether for th 


tion of nitrous oxide. 
non-explosive anaesthetic Fluothane € ina 
concentration of 0.5% with very ood 
results. 

In the postoperative period the ch dis 
kept under very close observation in « rdet 
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to d ‘tect early signs of raised intracranial 
pressure or airway obstruction. 


Roentgenologic Technique 


All older children not requiring general 
anaesthesia as well as infants and small 
children with suspected expanding intra- 
canial lesion are fully investigated by 
means of a fractionated encephalography 
(patients with choked discs of more than 2 
D). have not been examined, as there are no 
neurosurgeons available in our hospital). 

In babies with hydrocephalus, a so-cal- 
led bubble study is performed. Without 
general anaesthesia a lumbar puncture is 
made and 5 ml of air are injected while the 
haby is held in a suitable upright position. 
The needle is withdrawn, the baby laid 
down and the first picture taken. If air has 
entered the ventricular system, the proved 
communicating hydrocephalus is then out- 
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lined so as to demonstrate the degree of 
cerebral atrophy. If no air is found in the 
ventricles either an obstruction is locali- 
zed, e. g. a stenosis of the aqueduct, or we 
have to proceed with a fuller examination 
using the fractionated method under gen- 
eral anaesthesia or ventriculography. 

In all other cases in the younger age 
group, where the clinical picture shows no 
posterior fossa lesion and where encephalo- 
graphic examination may be considered 
of value, general anaesthesia combined 
with a modified roentgenological technique 
is used. Initially the patient is placed in 
an upright position to control that air is 
entering the ventricular system. This is 
then filled without any further radiolo- 
gical control, and the examination is im- 
mediately carried out in the horizontal po- 
sition. Thus the time in erect position has 
been considerably reduced to the benefit 
of the anaesthesized infant. 


Summary 


In a series of 123 encephalographic examinations performed on infants and children 
during the years 1951-56, serious reactions were found only in the youngest age group, 
four out of six being less than one year old. The probable causes of these reactions are 
discussed. From the experience gained in this series the clinical indications and a scheme 
of techniques for encephalographic examination in different cases and age groups are 
outlined. 
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In a hospital with different departments 

a preliminary sorting out of the patients 

is carried out before admittance. Some 

cases can be classified at once as internal- 

medical, surgical or psychiatrical, often 

even by the relatives themselves. They are 

then admitted to their appropriate depart- 

ments. Sometimes, however, it may be 

difficult to form a diagnosis even after the 

patient has been admitted to the hospital, 

as the case may prove to be more compli- 

cated than was at first suspected. This 

occurs when unknown etiological factors, 

either dependent or independent of one 

another, appear. It also occurs where the 

symptomatology is diffuse or misleading. 

In this type of situation consultation 

wor! plays an important part in the form- 

) ing f a clinical analysis. 

T° examination of these cases in a 

chi! ren’s hospital is often a very difficult 

b tas! for the child psychiatrist. He is often 

ob| od to restrict himself to an extremely 

lim -d line of questioning which is fre- 

que tly a matter of guesswork. In com- 

pli: ted cases he must weigh in his mind 

the significance of hard-to-interpret or 

in’ tinet clinical findings. These con- 
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ditions often prevail within the field of 
psychiatry. The psychiatric diagnosis re- 
quires knowledge of the personality of 
the patient as a whole, i.e. his physi- 


cal and mental health, his environment, 
the amount of strain and stress to which 


he is exposed as well as his way of re- 
acting to it in differing situations. To 
gain a true picture from the psychiatric 
point of view of a patient, usually physi- 
cally ill, who is daily being subjected to 
the strain of hospital environment, a va- 
riety of examinations is sometimes well- 
nigh impossible. 

The conclusions drawn by the psychia- 
trist from the results of his investigations 
in this sphere are often quite different 
from those which a purely psychological 
interpretation of the case might lead one 
to expect. His judgment of a case must be 
based on a highly specialized knowledge 
and experience of clinical work. Mental 
symptoms, anxiety for example, need not 
necessarily be psychogenic but may in- 
stead be a symptom, possibly even the 
first, of a serious physical disease. 

In order to be able to form a true judg- 
ment of different situations close collabo- 
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ration between psychiatrist and pediatri- 
cian is essential. Without such collabora- 
tion the psychiatric diagnosis becomes 
merely descriptive and the clinical evalua- 
tion cannot progress. 

The object of this essay is to give an 
account of the results of an investigation 
carried out with material obtained from 
the Outpatients’ Department of Psychia- 
try, 
Hospital, Stockholm, and to present cer- 
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tain reflections in connection with this. 
The physical investigation of the cases has 
been carried out by the hospital’s medical 
and surgical departments, often parallel 
with the psychiatric examination and in 
consultation with the psychiatrist. In not 
a few cases the final diagnosis was the 
result of this co-operation. 


Case Material 


The case material is comprised of all the 
cases which were referred to the outpatients 
department for consultation from medical 
and surgical departments during the period 
Ist January, 1954 to 30th June, 1957, 465 
patients in all, of which 228 were boys and 


237 girls. 


TABLE |. Yearly distribution of cases. 


1/1-1/7 
1954 1955 1956 1957 Total 
Boys 59 56 76 37 228 
Girls 54 64 67 52 237 
Total 113 120 143 89 465 


The distribution of the series over the 
different calendar years is shown in Table 1. 
It will be noticed that the number of consul- 
tation cases has increased by approximately 
1954-1957. 

The ages of the children are, roughly 


65% from 


speaking, evenly divided among the group 
1—14 inclusive. 
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The differences in social background fave thes: 
been taken into account and the mat: rial} (7 bo: 
is classified according to the principle. So: 
official Swedish statistics. The children are} eases 
classified according to the occupatior off 104 « 
their parents. The social-group distribu: ion 
agrees in the main with that drawn up in the 
1948 yearly election statistic. Th 

Unmistakable somatic disease or soniati¢ } amin 
signs and symptoms were found in 263 cases f logist 
or 57% of the whole series, (130 boys, 133 f meth 
girls), see Table 2. Epileptic seizures of diffe. f tellig' 
rent kinds occurred in 85 cases (42 boys, 43 } were 
girls) or 18% of the whole series. Other types } of Te 
of symptoms connected with the central | in is 
nervous system appeared in a total of 5% f and ‘ 
cases (41 boys, 17 girls) or 12 % of the whole | the | 
series. The majority of these cases consisted f ried, 
of cerebral pareses. In isolated cases hydro- § child 
cephalus, brain tumor, head injuries, ete. | cens' 
were found. Endocrine disturbances were ) wher 
detected in 51 cases or 11% of the whole f ronm 
series (21 boys, 30 girls). The remaining 69 } beari 
patients (26 boys, 43 girls) were found to be f medi 
suffering from the conditions shown on f socia 
Table 2. from 

Greatly retarded development was con- f ¢ases 
stituted in 37 cases (19 boys, 18 girls). Of [ patie 

ment 
TABLE 2. Somatic diseases in the material. 
Frequency 
percentage tion 
i “hole 
“al 
of (465 
Type of illness 3 cases patie)its) 
the 
Epileptic seizures 43 42 85 Is 
Other neurological sulti 
diseases 39 #619 58 12 beer 
Endocrine distur- 
bances 20 1] eel 
Infectious diseases 5 6 11 tors 
Heart diseases 5 5 10 S 
Malformations 2 6 8 Prot 
Surgical diseases 1 5 resp 
Peptic ulcers 1 : 4 9 0 
Allergic diseases 2 2 4 | 
Intoxications ] 1 2 ods 
Miscellaneous 11 13 24 ™ 
Total 13) 133 263 57 
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thes’ 11 were given the diagnosis mongolism 
(7 boys, 4 girls). 

Somatie disease was not found in 202 
cases or 43% of the total number (98 boys, 
104 virls). 

Methods 


The majority of cases have been ex- 
amined both by psychiatrists and psycho- 
logists. Usual psychological investigation 
methods were used in this connection. In- 
telligence and development examinations 
were carried out according to the methods 
of Terman-Merrill and/or Biihler- Hetzer and 
in isolated cases according to Grace-Athur 
and Gesell, or Gesell only. Information about 
the parents’ professions, civil status (mar- 
ried, unmarried or divorced) and number of 
children were obtained regularly from the 
census office in Stockholm. In those cases 
} where there was reason to suspect that envi- 
ronmental conditions had an important 
bearing on the patient’s symptoms socio- 
medical enquiries were carried out through a 
social worker and information was collected 
from schools, day-homes, ete. In all other 
cases the social particulars shown in the 
patients’ records from the somatic depart- 
ment were accepted as being adequate. 


Results 
The following paragraphs give a descrip- 
tion of the results achieved through the 
psychiatrical-psychological examination. 
} It would, of course, have been desirable 
to weigh the examination results against 


the indications which rendered the con- 
} sulta‘ion necessary. This, however, has not 
heen possible as the indications have often 
heen difficult to define exactly. Two doc- 
tors the head of psychiatric department, 
Prof. S. Ahnsjé, and the author) have been 
resp nsible for the examination of over 
90°. of the cases, their examination meth- 
ods nd standards of judging being simi- 
lar. n an analysis of the series by divi- 
sion into groups according to calendar 
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year, no differences were found with 
regard to sex, age, social group, frequency 
of mentally ill parents, broken homes, 
birth injuries, head injuries, etc., and for 
this reason the series will from now on be 


treated as a whole. 


No noticeable mental symptoms 


In 89 of the 465 cases or 19% of the 
whole series no noticeable mental symp- 
toms were found (44 boys, 45 girls). 

Of these, 79 (40 boys, 39 girls) had a 
somatic disease of one of the above-men- 
tioned types. In rather more than half of 
these cases a neurological condition was 
present and in about a quarter of the cases 
endocrine disturbances were found. In one 
case the child was submitted for examina- 
tion on account of insanity in the mother. 
Adoption enquiries (i.e. health examina- 
tion of child prior to adoption) occurred 


in 3 cases. 


Retarded development 

Both cases achieving, when tested, an 
1.Q. of under 85 and those who, with or 
without I.Q. tests, were judged as needing 
institution care have been classified as 
intellectually retarded in development. 

Thus 164 cases were placed in this cate- 
gory (87 boys, 77 girls), that is, 35% of 
the whole series. 

Of these 58 (28 boys, 30 girls), that is, 
35 % were classified as feeble-minded (I.Q. 
usually 70-85). The majority (41 cases) 
were found to be suffering from somatic 
diseases, usually of a neurological type, 
or endocrine The origin 
could be traced in 43 % of the cases. 

Sixty-four (32 boys, 32 girls) or 39% 
with I.Q. varying between 35 and 70 were 
but teachable. 


disturbances. 


classified as imbeciles, 
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Forty of these had somatic disease and 
the origin could be traced in 53 % of the 

Imbecilic to the extent of being un- 
teachable (1.Q. under 35/50) was the classi- 
fication given to 42 cases (27 boys, 15 
girls), i.e. 26% of those with retarded de- 
velopment. Twenty-two of these had so- 
matic disease. The origin could be traced 
in 44% of cases. 


Mental symptoms combined with normal 
intelligence 

Mental symptoms without retarded de- 
velopment occurred in 212 cases or 46% 
of the whole series. In these cases somatic 
disease of one or other of the types men- 
tioned above was found in 81 cases (35 
boys, 46 girls) while mental symptoms of 
this type without simultaneous somatic 
disease were present in 131 of the 465 
cases (62 boys, 69 girls), ie. in 28 % of the 
whole series. 


Symptom groups 


The mental symptoms have — been 
roughly divided, as follows, into two 


groups. In the first group, “uncomplicated 
symptoms”, have been placed such symp- 
toms as irritability, emotional instability, 
restlessness, difficulty in concentrating, 
mental depression and so on, and also 
symptoms of the type enuresis, enkopresis 
where these have had a definite psychic 
origin and thus not been caused by physi- 
cal illness. In the second group, “‘conver- 
sion symptoms’, have been placed umbi- 
lical colic, headaches and giddiness, asta- 
sia-abasia, joint and heart troubles and so 
on, that is to say, sympoms which do not, 
at first glance, appear to be of a definite 
psychic nature. Conversion symptoms are 


shown in Table 3. 
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TABLE 3. “‘Conversion” symptoms in ju 
tients of normal intellectual developineii 
without somatic disease. 


No. of case 


Type 3 2 ‘ota 
Digestive tract symptoms 9 16 25 
Headache, often combined 
with giddiness 10 9 19 
Symptoms from joints 
and extremities 2 5 7 
Cardiac symptoms é 4 7 
Astasia-abasia 3 3 
Headache plus abdominal 
pains ] 2 3 
Disabling tiredness 0 2 2 
Tics 0 2 2 
Ocular symptoms 1 1 2 
Total 26 44 70 


If we study the occurrence of these 
two symptom types throughout the scries 
we notice that, while the “uncomplicated 
mental symptoms” are evenly distributed 
among the different age groups, the ~con- 
version symptoms” appear almost exclu- 
sively among children of school age or 
older (Fig. 1). 

The age factor is thus seen to play a 
decisive part in the final formation of the 


symptomatology and it is, in fact, well 
No. of cases 
= uncomplicated symptoms 
----=conversion symptoms ; 
304 
i 
\ 
20 4 
105 
-Age 
-3 + -9 -12 -15 years 


Fig. 1. Age distribution among patients of _or- 
mal intelligence with uncomplicated and « 9n- 
version symptoms respectively. 
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ABLE 4. Results of psychiatrical examination of patients with normal intelligence. 


Mental symptoms 


None Uncomplicated =0 Conversion = K 
Somatic 
condition Sex Freq. % Freq. % Freq. % Diff.0—K Total 
40 53+5.8 32 5.7 4+2.3 39+6.1 75 
39 4645.3 42 49+5.3 4 5+2.4 44+5.8 85 
symptoms (340 79 4944.0 74 46+ 4.0 7 4+4.8 42+6.3 160 
Without ( 3 4 6+9.2 36 54+6.1 26 40+6.0 14+ 8.6 66 
Q 6 8+9.8 25 33+5.5 44 58+3.6 —-25+6.5 75 
symptoms 10 742.4 61 43+4.8 80 50+5.2 —7+7.2 141 


known in the child psychiatrist’s experi- 
ence that environmental injuries produce 
more general symptoms among younger 
children, whereas more manifest psycho- 
somatic symptoms tend to develop at a 
later age. This seems to be particularly 
noticeable in connection with graver forms 
of environmental injury where more ob- 
vious psychosomatic symptoms may be 
found even in younger children. 

An important question is this: what 
significance has somatic disease in con- 
nection with the appearance of mental 
symptoms or, in other words, which mental 
symptoms appear in connection with so- 
matic disease? In order to find the answer 
to this question children with normal in- 
tellivence suffering from a somatic disease 
were compared with children of normal 


intelligence without somatic disease. 


It was then found that the mental symp- 
tom picture differed in the two groups 
(see Table 4). In the group with somatic 
diseise either “no mental symptoms” or 
“un omplicated symptoms” appeared, the 
latt » in a statistically confirmed higher 
frec iency than ‘“‘conversion symptoms” 
(dif 42+6.3%) The difference applied 
hot to boys (diff. 39+ 6.1%) and girls 
(44 5.8%). The frequency of “‘conver- 


sion symptoms” were here remarkably 
low (4-5 %). This difference between ‘‘un- 
complicated symptoms” and ‘conversion 
symptoms” within the group with somatic 
disease cannot be explained by age differ- 
ences within these two groups, as, in the 
first place, it applies to both sexes and, 
in the second, the girls are as fully repre- 
sented from preschool age as from the 
school-age group. The boys, on the other 
hand, are mostly of school 


more “conversion symptoms” 


age, so that 
could be 
expected (see Table 5). 

In the group without somatic disease we 
do not find any statistically confirmed 
difference between the frequency of “un- 
complicated symptoms” and “conversion 
symptoms” where the boys are concerned, 
though a high frequency of “conversion 
symptoms” is apparent (40 + 6.0%). We 
find, on the other hand, a statistically 
confirmed higher frequency of ‘‘conver- 
sion than “uncomplicated 
symptoms” where the girls are concerned 
(diff. 25 + 6.5%). 

The above shows that the mental symp- 
tom picture in physically ill patients re- 
ally differs from that of patients who are 
physically well. It is, at the same time, 
possible that mental symptoms of the con- 


symptoms” 


| 73 
“Vota 
19 
7 
3 
3 
9 
70 
Age 
f -.or- 
yn- 


INGVAR NYLANDER 


TABLE 5. Distribution of normally intelligent among different age groups. 


Age 
—6 years = f 7- years =s 

Somatic 

condition Sex No % No % Diff. f—s Total 

9 3 22 53 T1+5.5 42+7.8 15 
39 46 5445.3 -8+7.6 85 
symptoms | 3, 61 99 62+4.9 24+6.9 160 

3 19 47 7145.6 —42+7.9 66 
20 55 7344.7 ~4446.7 75 
39 102 72+3.8 -44+5.3 141 


version type tend to be overlooked where 
the physically ill patient is concerned. If 
this 


symptoms 


is so, it would seem that certain 
of somatic disease are actually 
of psychic 

If it 


which causes mental symptoms and if, 


origin. 
is the somatic disease in itself 
furthermore, these symptoms are of a dif- 
ferent nature from those of the physically 
well patient, one would expect differences 
in the case history between cases with 
somatic disease and mental symptoms, on 
the one hand, and cases without somatic 
disease, but with mental symptoms, on 
the other. Trying conditions such as men- 


tal illness of the parents, broken homes 
and so on, should, if this is so, exist in a 
lesser degree in the case of the physically 
ill patient than the physically well patient. 
This is, in fact, the case (see Table 4). 
Organic brain injury is considered by 
many to be a common cause of mental 
symptoms. It seemed, therefore, to be of 
relevant interest to study the conditions 
in connection with the material. The cases 
chosen for this study were those with a 
normal I.Q. who suffered from epileptic 
seizures. A relatively homogeneous group 
obtained. It included those 
which showed signs of cerebral irritation. 


Cases 


was 


TABLE 6. Mentally ill parents and ‘‘broken homes’ among normally intelligent. 


Normally intelligent 


With somatic 


Without somatic 


disease = M disease = N be 
Home Dif 
environment Sex Freq. % Freq. % M=N 
3 8 11+3.6 22 335.8 — 22+ 6.8 
“4 1] 13+ 3.6 22 —15+ 6.3 
19 122-236 43 30+3.9 — 1824.6 
3 8 11+3.6 1 20+4.8 —9:6.1 
10 12+3.4 22 29+5.0 -17+ 6.1 
18 35 25+3.6 —144+44 
“Broken 12 1644.1 28 42+6.1 —26+ 74 
homes” 15+ 3.9 28 38+ 4.1 - 93+ 5.6 
\g +9 25 16+2.9 56 40+4.1 24+ 5.0 
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| TanLE 7. Some case history data plus symptom picture among patients with grawe hysteri- 
cal traits. 
G=girl; B=boy; Psych. = mentally ill; Alc. = abuse of alcohol; D = divorce. 
Total Home Earlier 
—— con- mental 
oe Case No. Sex Age Father Mother’ ditions health Actual symptom picture 
ia 
85 
160 26/54 G 7 Psych. Psych. D 0 Attacks (breathholding spells of 
66 hysteria). 
75 96/54 G 9 D 0 Rumination. 
141 301/54 G 11 D 0 Hysterical paralysis. 
a 9/55 G 10 Ale. D 0 Disabling tiredness. Bedridden. 
189/55 G 13 Psych. Dead i) Attacks (breathholding spells of 
hysteria). 
iomes 2387/55 11 Psych. 0 Hysterical paralysis. 
: 343/55 B 12 0 Hysterical paralysis. 
m 475/55 x li D 0 Attacks (breathholding spells of 
ically hysteria). 
ee 487/55 x 10 Psych. 0 Limping walk. 
tent. 490/55 + 12 Ale. Psych. D 0 Limping walk. 
). 99/56 3 13 Ale. D 0 Disabling tiredness. Bedridden. 
eo 66/56 B 13 Psych. D 0 Disabling tiredness. Bedridden. 
als 90/56 x 10 Alc. Psych. 0 Astasia-abasia. 
ental 165/56 I le Alc. 0 Disabling tiredness. Bedridden. 
201/56 12 0 Astasia-abasia. 
ilies 404/56 B 13 Psych. 0 Simulation. 
tions 124/57 B 13 Psych. D 0 Simulation. 
172/57 3 13 D 0 Limping walk. 
Cases 
th a 
optic 
roup | The group thus consisted of 44 cases (23 matic nature. These cases are described in 
‘ases | boys, 21 girls). An analysis proved that Table 7. 
tion. | these cases in no way differed in their They concern, in the majority of cases, 
symptomatology from the rest of the cases girls who have reached puberty or the 
with somatic disease. beginnings of puberty, who had not earlier 
-— } The above speaks for the fact that men- shown any particular mental symptoms, 
tal symptoms are often found in connec- but now showed strong psychosomatic 
tion with somatic diseases and that these symptoms. Where these cases were con- 
are in the majority of cases of the ‘‘un- cerned almost every child had lived under 
com licated” type, i.e. of a different extremely trying home conditions, and in 
char icter than those occurring in connec- most cases with a brutal or sadistic father. 
63 f tion with the physically well. It seems most likely that the home envi- 
4.6 Q particular interest in the group ronment has in these cases been the decid- 
6.1 whi 2 comprises cases of normal intelli- ing factor in the development of these 
6.1 
“a gen > with mental symptoms and no so-_ grave symptoms. 
-4 | mat c disease was a group of 18 cases (4 An example of the way in which a grave 
5.6 boy . 14 girls) with a strong hysterically environmental situation may affect the 
pe col: ired symptom picture of a psychoso- symptom picture in a particular manner is 


& 


76 INGVAR NYLANDER 


seen in a group of children where the Therapy b 46° 

ather was fo o abuse alcohol. This Found 

father was found to abuse al In 117 cases or 25 % of the entire mate} 1°! 


-onsisted of 32 cases (13 boys, 19 . 
group consisted of 3 ( y rial psychiatric treatment was consid: red 
girls). Of these, four were free of symptoms pags rou! 
girls). Of t ymy to be justified. Of these 19 have leen} '°" 


2%), eleven had “‘uncomplicated”’ symp- symp) 
(12%), eleven had “uncomplicated” sym] admitted to the child psychiatry depart.) ”"! 


toms (35%) and the remaining seventeen ant. while 98 (54 boys, 44 girls) hav Wi 
53° ad “conversion” symptoms. A iffer 
(53%) had “conversion” sympt been recommended to their own or ano‘ her dif 
eheck- > cases W cate 
check-up of the cases wah: uncomplicated outpatient department for treatment. In chil 
symptoms showed that five cases were  inolated cases other special measures lave 
children under school age with enkopresis. taken this. 
av > » j at xs chi 
It may be mentioned that children gasesa * 
under school age with nan——-, disease _ on account of serious mental maltreatment { *Y™? 
mental symptoms enkepresis occurred in 444 in some cases places have been found foun 
one out of a total of 28 cases. . . - betwe 
in homes for nervous and psychopathic 
» see that ¢ re athers who were . . , — onve 
children, in nursing homes or in fester 
found to abuse alcohol often had mental} .ne5. In the majority of cases it has heen disea 
symptoms, children below age, €n- question of an investigation which has 
mopresis, and school age children, “con- further 
version” symptoms. The auther intends, sary, or cases with more minor mental § °™® 
bv sans of a widelv exte examina- appe: 
xy means of a widely extended examina symptoms where specialized therapeutic apy 
tion to make a closer study of the symp- . It wi 
ymy treatment was not considered necessary. 
tom-picture development in children of intell 
alcoholic parents. that 
Th 
be of 
Summary 
envil 
The difficulties accompanying psychiatric consultation work are discussed. (‘ase In 


material of this type is of particular interest in that the psychic nature of the paticit’s [ nece: 
condition is often not immediately apparent, but only appears in the course of a ¢loser 
analysis of the case. Results are given of a synthesis and analysis of a psychiatric ex- } 
amination of 465 so-called “consultation cases” (228 boys and 237 girls) from the mec ical 
and surgical departments of Kronprinsessan Lovisas Children’s Hospital, which was 
carried out during the years 1954-1957. 
er 


Somatic disease or somatic signs and symptoms occured in 57 % of the total nun 
of cases. In about half of these neurological diseases were found, in a quarter, endoc. ine 
disturbances. The remainder consisted of cases who had been referred here simply on the 
grounds of suspected psychic disturbances. 

The psychiatric investigation showed that in 19 % of the cases registered, no partic 


ar 
mental symptoms could be found. The majority of these showed physical signs — nd 
symptoms and the remainder were to be examined for pre-adoption purposes or sc :1¢- 
thing similar. In 35 % of cases intellectually retarded development of varying types nd 


degrees was present. Mental symptoms combined with normal intelligence existe: in 
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460, of the series. In more than half of these cases no noticeable physical disease was 
mate.f 10! |. This last group comprises 28 % of the entire material. 
deregy The mental symptoms in those cases with normal intellectual ability have been 
bei roughly divided into cases with “uncomplicated”? symptoms and cases with “conversion” 
‘toms respectively. 
~ me hile the uncomplicated symptoms were found to be evenly distributed among the 
other | different age groups the conversion symptoms appeared almost exclusively among the 
: ie children of school age and over. 
have} it has become apparent through analysis that in those cases where somatic disease 
In gf existed side by side with mental symptoms the latter have almost invariably consisted 
tified | Of uncomplicated symptoms. On the other hand, in those cases where only mental 
ment f Symptoms were found, the incidence of uncomplicated and conversions symptoms was 
ound | found to be about equal. The reasons for this have been discussed and the difference 
ithje | between the groups may, among other things, possibly be accounted for by the fact that 
ester | COnVersion symptoms tend to be more easily overlooked in patients with somatic 
heen | disease. Conditions of stress in the home environment existed, however, to a lesser degree 
has | 2 patients with somatic disease as well as mental symptoms, than in connection with 
sces. | those patients who only showed mental symptoms. This speaks for the fact that the 
ntal | Somatic disease in itself or factors connected with it play a significant part in the 
sitic | 2PPearance of the mental symptoms which take the form of “uncomplicated” symptoms. 
ary, | It was also of interest to note that the mental-symptom picture in patients of normal 
"| intelligence who showed signs of brain injury (epileptic seizures) was no different from 
that of normally gifted patients with somatic disease of another type. 

The mental symptoms in the physically healthy showed themselves in some cases to 
be of a grave hysterical character and here, almost without exception, very serious 
environmental conditions were found to exist. 

‘ase In 25 % of the total number of cases continued psychiatric treatment was considered 
it’s necessary. 

— Kronprinsessan Lovisas Barnsjukhus 
ex- > Stockholm, Sweden 
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From the Department of Pediatrics, Boras Hospital, Borés, Sweden 


The First Smile 


A Developmental Study 


by BERTIL SODERLING 


All behaviour develops from a highly 
undifferentiated level. Fumbling and grop- 
ing in time reveal form and functional 
value. The faculty of speech grows through 
grunts, vociferation, intonation, and 
word-formation from the undifferentiated 
sound mass. The ego is concealed behind 
a flummery of unintelligible expressions 
about the infant’s own body and his sur- 
roundings. 

From indefinite, wavering glances and 
athetotic facial expression the first delib- 
erate smile gradually dawns. In contrast 
to distasteful sensations, pleasure is early 
demonstrated by the first smile. This is a 
highly remarkable phenomenon charac- 
terized by a co-operative, “‘positive”’ atti- 
tude, in contrast to the crying and scream- 
ing produced by unpleasant sensations. 

The course of events is as follows. The 
infant fixates intensively on the visitor’s 
face for some while, studying it as though 
to form an opinion. If approval is granted, 
this is shown by a smile, which starts in 
the expression. In a manner difficult to 
describe, this lights up; the eyes are the 
first to smile, and then comes the mimic 
smile that the facial musculature can pro- 


duce, Just before smiling and this facial 
action just having started, the baby’s 
whole Disinte- 
grated, ‘‘athetotic’’ reflex movements of 


personality cooperates. 


head, limbs and trunk may be combined 
with undifferentiated sounds, small regur- 
gitations, etc. The totality of the baly’s 
personality is engaged in the first smile. 

It is undoubtedly not true that this 
smile is the result of visual perception 
alone. Stimuli from other sensory organs 
are also recorded and can produce a smile. 
Hearing and touch are important in a 
blind infant, but are also employed in a 
normal seeing child. Visual perception, 
however, would seem to be the easiest «nd 
earliest path of association. 


Some of the problems that confront e\ ry- 
one working on the modes of expressic: of 
the emotions also perplexed Darwin (1. He 
was investigating the facial expressio of 
different emotions. Did children of all : es 
pout when they were cross? Was fear ex, ‘¢s- 
sed in the same manner all over the wor as 
among Europeans? Did the child frown \_ ‘en 
it was about to cry? (Here Darwin 1 ide 
comparative studies in anthropoid 
Was the smile the product of maturity nd 
social mimicry? Was it to be found ar ng 
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Fig. 1. The girl O, aged 2 weeks. 


human beings of all cultures? Was the smile 
a primitive, species-specific phenomenon? 


Our impression is that the smile is as 
much a part of our specific human behav- 
iour as tail-wagging is a specific expres- 
sion of pleasure in the dog. There is no 
doubt that the smile appears at a certain 
definite level of development and by cer- 


tain, though varying, stimuli. Until this 
leve! is reached, the child cannot smile. 
The phenomenon may be produced by 


various sensory stimuli, through seeing, 


toucli, general feeling of well-being, pleas- 
ural)'e activities, contact with the mother, 
ete. 


Li:e the problem of the child’s mimicry 
of h 
has ttracted attention largely from the 
t school of psychologists. Charlotte 
Bi! -r (3), Martha Guernsey (4) and Vol- 
kelt 7) have provided impressive contri- 
but ns. Among nordic workers, E. Kaila 


nan facial expression, the first smile 


gest 


(5): Finland made a comprehensive study 
of 7 infants aged from 2 to 7 months. He 


classified the development of mimicry as 
follows: observation of 
rapport through the visitor’s smile, etc. 
This sequence is followed by spontaneous 
‘“innervation”’ of the child’s own mouth, 


lip-movements, 


whereupon spontaneous mouth move- 
ments take place in a similar manner to 
other ‘‘social’? mouth movements. Later, 
a tendency to mimcry may be observed. 
These “‘social’”” mouth movements are ana- 
logous to the sucking movements which 
the very young infant makes on social 
contact, and which are a totally undiffer- 
entiated phenomenon, and may be evo- 
ked by a variety of stimuli. 

Kaila’s theory seems very probable. The 
muscles about the mouth respond to a 
great variety of stimuli, first by sucking 
movements, and later by smiling (which 
may also be evoked by certain pleasurable 
stimuli). All development starts from a 
highly undifferentiated level, and passes 
through the primitive reflex stage to con- 
cortical activity, when 


scious ccrebral 


strong stimuli or marked affect are re- 


| 
a | 
m, | 
nd | ee 
rv- 
of 
He 
of 
as 
en 
de } 
| 


80 


quired to arouse the responses which were 
formerly primitive and reflex. Just as the 
infant gradually learns deliberately to 
“save up” the sucking movements for 
clearly differentiated purposes, such as to 
imbibe food, the smile gradually acquires 
the character of a closely defined social 
on the of 
learning to imitate is in progress. We all 


response. From now process 
recognize the more sophisticated attitude 
of the 5-month-old baby to the visitor, 
who is subjected to a prolonged “‘investiga- 
tion” and is not always rewarded with a 
smile; whereas the 2-month-old baby, for 
example, is far less critical. 

The view held by Biihler and others, 
that the child smiles only into a human 
face is clearly untrue. Blind children smile; 
and seeing children often smile and even 
laugh aloud for joy, either at play or from 
general satisfaction, such as after a meal. 

The 


give such detailed information about the 


above-named researchers do not 
age at which the first smile appears as 
they do about its character. Every text- 
book on child psychology and paediatrics, 
and all popular works on the subjects con- 
tain categorical statements to the effect 
that the infant produces his first smile 
during the end of the first quarter. 

Since I could not quite agree with this 
view, and since the first smile would seem 
to be a very important milestone in psycho- 
logical development, I have examined the 
problem. 

When does the normal child produce 
his first smile, and what is it that condi- 
tions the event? Is this expressive phenom- 
enon associated with the degree of ma- 
turity alone, or does imitation learning 
also play a part/ 

No statistical investigations into the 
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appearance of the first smile under if- 
ferent environmental conditions seem to 
exist. My very definite impression is t iat 
infants that have had little personal at- 
tention and those that are emotionally un- 
satisfied (hunger, deprivation, etc.) de in 
fact tend to smile later. It seems entirely 
probable that these factors also have a so- 
cial aspect in mental development. ‘Ihe 
date of the first definite smile is probably 
a product of maturity and the effect of 
environment, the latter being a very minor 
multiplier compared with the former as 
multiplicand. 

The investigation which is now present- 
ed indicates maturity to be the chief fac- 
tor. 

Over a period of several years the first 
smile has been recorded in cases from the 
infants’ wards, child welfare centres, my 
private practice, and infants’ homes, all 
the observers, doctors and nurses having 
been well trained in psychology. Strict con- 
ditions were set up: a true smile, starting 
with searching of the observer's face, the 
infant’s eyes then starting to make con- 
tact, and finally the typical, brightening, 
happy look that precedes the expressive 
muscular movements of the face that we 


call smiling. All indefinite expressions 
were excluded; and occasional, unre) 
ducible grins were, of course, not coun 

even though they resembled smiles. 

ward rounds I have tried to sustain the 
interest of the staff in these principles 

The photograph illustrates a ty} ‘cal 
smile in O., a girl aged 2 weeks. 

In a series of more than 400 infant 
normal weight at birth, and prob 
neither pre- nor post-mature, the 
smile was recorded as shown in the fol 


ing table: 
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No si ile 
Belore 2 weeks 
(but several infants seemed to be fixating 
on the observer’s face) 

Smile for the first time 

3 weeks 

4 weeks 

5 weeks 

6 weeks 


and 
and 
and 
and 


11°, between 2 
, between 3 
21°, between 4 
19°, between 5 


Thus all smiled before 6 weeks of age, 
and more than 60 % at or about 4 weeks. 
Most were found to be mature enough at 
21_4 weeks to produce a smile conforming 
to the conditions laid down. 

Investigations are proceeding to estab- 
lish the date of the first smile of the pre- 
mature and postmature infant. 


0.,a boy, was born on February Ist, 1957, 
and weighed 4270 g. He was calculated to be 


about 4 weeks “‘late’’. His mother, who is a 


) social worker, tained in child psychology, 


sent ine the photograph reproduced above, 
and stated that the child produced his first 
smile at the age of 2 weeks. The photograph 
was taken on February 15th, 1957. 

Monika K. (Record No. 896/56) was born 
on August 8th, 1956, and had a birth weight 
of 1600 g. We stated her level of psycholo- 
gical development at “full-term” level (6, 7). 
She laughed on September 17th, viz. at 
about 5 weeks, as I was able to confirm 
personally. 

Ports K. (Record No. 876/56), a boy, was 
born on July 31st, 1956, and weighed only 
1040) 
logic ly extremely premature. It is of inte- 


He was very feeble, and psycho- 
rest note that the child’s first smile took 
place at about the stage when he fulfilled 
the © nditions of full-term psychological ma- 
turit’.. A laugh was confirmed at about 10 
(October 13th). 


wee] “ven in this case of 
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marked prematurity, the smile appeared not 
later than 2} months after birth. 

B. (Record No. 1315/56), a boy, weighed 
at birth 1200 g, and was strinkingly prema- 
ture. He was born about 24 months before 
the expected date. He survived the early 
period of feebleness, developed satisfactorily, 
and showed no signs of organic disease. His 
first confirmed smile did not take place until 
the age of 3 months, when he weighed 
3480 g. He continued to develop into an 
apparently intellectually normal child. 


In summary, the following may be said. 

The smile and the laugh are specific 
human forms of reaction and behaviour. 
The date of the child’s first smile depends 
very largely on the degree of maturity and 
psychological development. To what ex- 
tent the phenomenon is conditioned by 
learning and mimicry, that is to say, the 
influence of social environment, is unde- 
termined. Healthy, “full-term” infants are 
found to produce their first smile between 
2 and 6 weeks, never earlier cr later. The 
age of 3-4 weeks is evidently the average 
for the appearance of the first smile. Post- 
mature infants seem to be earlier, and 
truly premature infants considerably la- 
ter: investigations are proceeding. Within 
the latter category may be found a number 
of examples illustrating the close rela- 
tionship between the date of the first 
smile and the degree of psycnological ma- 
turity; and the child’s skill in fixating and 
smiling would seem to be valuable late 
evidence in support of our theories (6, 2) 
concerning psychological maturation in 


newborns with low weights at birth. 


Summary 


lr 1 series of 400 healthy infants of normal weight at birth 70% smiled between 3 and 


dw. -ks, 
give 
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none before 2, all before 6 weeks. The date of the first smile would seem to 


orrectly the developmental stage. The origin of the smile is discussed. 
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From the Pediatrie Clinic, Karolinska Sjukhuset, Stockholm, Sweden 


Obesity is practically always produced 
by an excessive caloric intake, generally 
combined with an inadequate energy out- 
put. The logical treatment should, there- 


fore, consist of decreased calories and in- 

| creased exercise. However, this formula- 

' tion may be carrying simplification a bit 
too far. Such treatment is usually only 

] symptomatic and not causal, because it 
fails to consider neither the underlying 
etiology nor the important consequences 
of overeating and obesity. 

Several entities have been seriously dis- 
cussed with regard to the etiology of 
obesity, namely hypothalamic or endo- 

+ crine disorders, constitutional, genetic or 
psychogenic disturbances or simply bad 
habits. Whatever the etiology of obesity, 
it is seldom possible to apply any causal 

, therapy, and whenever such therapy has 
heen attempted, it has rarely met with 

} success. It is questionable if the eradica- 
tion of an imputed hypothalamic disorder 
ina: iild has ever induced a disappearance 
of tl state of obesity, or at least such a 

cure 

\ beer 


nust be exceedingly rare. It has not 
sossible materially to influence gene- 
tic id constitutional disturbances, and 
hor: onal treatment for obesity has not 
been crowned with success. Thus 
the sychogenic disturbances and family— 


| 
soci: | factors remain to be elucidated as 


Treatment of the Obese Child 


by ARVID WALLGREN 


inductive influences in the habitual trend 
of overeating. 

It is well known that frequently a cor- 
relation can be established between obes- 
ity in children and certain emotional 
disturbances. In exceptional instances 
they may be primary and causal, although 
usually they are secondary to obesity. Oc- 
casionally the emotional troubles and obes- 
ity may be unrelated to each other inas- 
much as they simply constitute signs of a 
common constitutional aberration. It is 
possible that only a few obese children 
escape the psychic tension of an indiscreet 
environment’s behavior toward the child. 
The contemporary craze for a slim figure 
as the ideal universal shape is bound to 
exert an unfavorable influence on children 
whose physique does not correspond with 
that ideal. They feel ashamed, blame- 
worthy and shy on account of their stout- 
ness. Fat children become easy victims of 
their cruel school- and play-mates’ scorn, 
and occasionally of their parents’ and 
brothers’ and sisters’ joking remarks about 
their ungainly body. The emotionally sen- 
sitive children react strongly to this psy- 
chic maltreatment. They consider them- 
selves as outcasts and miserable creatures 
and on this account isolate themselves 
more and more from their comrades and 
their surroundings. According to Quaade 
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it does not appear to be the degree of 
fatness which determines the degree of 
the secondary psychic disturbance that 
has arisen because the child suffered from 
being the target of playmates’ jokes, but 
rather the child’s constitutional psychical 
robustness, mental assertiveness and ex- 
pansive force. 

Some emotionally stable children dis- 
regard and ignore their comrades’ ridicule 
or again return tit for tat, perhaps even 
defend themselves with blows. Such a 
daring attitude is the best means of ac- 
celerating the gang’s rapid acceptance of 
the child as it is and ignoring its fatness. 
Neither the stoutness nor the emotional 
upset appear to play any significant role 
in these plucky children; they have ad- 
justed themselves and their fat body to 
their surroundings. 

The slowness and indolence which often 
accompany obesity may also become an 
emotional and social handicap for fat chil- 
dren. This may further give rise to conflicts 
with the environment. It is primarily the 
teachers and the parents who find the 
children uninterested and dull. This leads 
to reprimands, reproaches, punishments, 
and extra lessons. In turn this increases 
the child’s psychic tension and feelings of 
awkwardness and discontentment because 
of the isolation and maladjustment. The 
last vestige of activity is dissipated and 
the child finds satisfaction and comfort in 
the only enjoyment and pleasurable pas- 
time at its disposal to brighten up its 
miserable existence: to eat large meals and 
unnecessary snacks between meals. This 
situation naturally fails to improve the 
condition. 

Quite often the child’s fatness is an 
expression of the overeating (bad) habit 
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of the whole family, and the end-resu 't js 
that the parents as well as the chil tren; 
grow fat. In such usually happy and on. 
genial families, obesity is not consiccred 
unfavorably, but on the contrary a si¢n of 
excellent health. Quaade, who in a1. in. 
investigation of obese schoolchildren found 
that only a few of these disclosed psycho. 
pathic features which might have occa. 
sioned the obesity, writes of the child’s 
family situation as follows: “Rarely did 
they (the mothers) look upon the obesity 
as a pathological phenomenon, they pre. 
ferred to regard it as a variation within 
the normal and of no great importance, 
a state of things that did not call for active| 


measures.’ The parents have no thought 
whatsoever of reducing the weight of their 
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fat child by means of restrictive diet, with} mal 


or without the physician’s cooperation. 
There is no nagging about eating less; 
there exists a harmonious concord be- 
tween the members of the family and 
these obese children are usually quite 
manageable. 

In other situations there is no apparent« 
general voracity in the family, but the 
mother has misunderstood the child’s prop- 
er food requirement and tempts it with 
an excessive amount of dainty and nourish-, 
ing food. It is well known that one can 
get into the habit of eating large amounts) 
of food at frequent meals. Aided by an 
try 
ets. 


mes} 


imprudent mother, the child may als: 
to satisfy its insatiable desire for sw 
In such families the child often bec 
overprotected by the mother in othe re: 
spects, a situation which in itself s« 
or later leads occasionally to malad ust- 
ments and the development of neuro: s. 
According to my personal view nd| 


experience, there is still another me« an| 
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ism of the development of psychic distur- 
bances in obese children, namely, the 
strict!vy regulated dietetic regimen, a sub- 
ject to which I will return a little later. 
Whatever the cause, mental disorders 
are not infrequently encountered in obese 
children. Their 
magnitude that no child should solely be 
treated for its obesity, without giving due 
consideration to the child’s psychic state 
of health. The neglect of this dual approach 
is one of the reasons why treatment of 


incidence is of such a 


obesity so often turns out to be a fail- 
ure. 

One may readily produce a temporary 
reduction in the fat child’s weight by a 
restricted dietetic regimen, but it remains 
a more difficult task to maintain its nor- 


t, with} mal weight curve. There are numerous re- 


ration. 


ports available of a short-term successful 


y less: dietetic treatment. However, there are 
rd be- very few long-term follow-up studies show- 
y and jing the importance of decreased calories 
quite and increased activity. For what reason? 
Mostly because of neglect to treat the 
parent whole child with its frequent emotional 
ut the troubles and maladjustments and_ be- 
‘prop: cause of deficient cooperation with both 
t with the child and its family. Mothers, who are 
uv ish-, painfully aware of their son’s or daughter’s 
te call obesity and who long to have them be- 
1ounts) come as slim as other children, often 
by al_expec: to achieve this end without im- 
UY posin» any sacrifice or inconvenience or 
chany of daily habits on their offspring, 
comes} by si uply resorting to treatments with 
1° Te }horm nes or other suggested drugs. They 
may -crhaps follow diligently over a cer- 
d ust} tain criod the dietetic regimen and ad- 
5. | vice -commended by the physician. But 
and) soon or later they find such counsel im- 
possi le to follow through because of the 
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child’s resistance and emotional reaction, 
and eventually they give up. 

It would seem to be of great importance 
that an attempt should be made to eval- 
uate in advance the probable presence or 
absence of cooperation of both the child 
and the family before the dietetic restricted 
regimen is prescribed. If no probability 
exists of any long-term cooperation, I am 
of the opinion that one should abstain 
from recommending any severely restric- 
tive diet with the aim of reducing the 
weight and of maintaining a normal 
weight. Rather the physician should con- 
fine himself to treating an eventual emo- 
tional disturbance and to advise mother 
and child to accept the overweight as a 
constitutional pattern for the individual 
child. 

The attempt of a zealous and ambitious 
mother to carry through a recommended 
severe reducing nutritional regimen by 
force and punishment may call forth a 
feeling of revolt in the child, which may 
lead to serious and frequent situations of 
conflicts within the family. The more se- 
vere the order is that forbids something, 
the more intense becomes the desire to defy 
the order, in conformity with the adage 
based on ancient experience: “‘Forbidden 
fruit tastes best.’’ As long as the child is 
supervised by its mother at home, in spite 
of protests, the child’s behavior may 
comply with its mother’s wishes. When 
the mother is away from home, or when 
the child visits in the company of com- 
rades, the temptation to squash the order 
that forbids may become too strong and 
the child eats furtively to satisfy its hunger. 
Such an offence may perchance be dis- 
covered by the mother, with the result of 
reproaches or punishment, or that the 


| 
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child feels conscience-stricken, repentant, 
and alarmed by being discovered by the 
mother, etc. Such a course of events may 
even make an emotionally stable child a 
neurotic and not diminish the corpulence 
as a complicated psychosomatic disease 
phenomenon. As long as eating amounts 
to an irresistible instinct and primitive 
gratification desire in the child, and this 
is not counteracted by a sufficiently great 
desire to restrict his overeating and han- 
kering for sweets in order to be slim as 
other children, not much is accomplished 
by the dietetic-physical treatment of fat- 
ness in children. On the contrary the risk 
is great that the unwise regimen might 
produce maladjustment and neurosis in 
the child. Is it not preferable in such cases 
to pay more attention to the child’s emo- 
tional health and harmony in the home 
than to its overweight? 

The qualification for being able, accord- 
ing to the above suggestion, more or less 
to ignore fatness as such, is, of course, 
that it should not in itself imply a heavy 
health risk for the child. We know from 
adults that a fat person as a rule has a 
shorter life prospect than a lean person, 
mostly due to heart and circulation di- 
seases. Even the increased risk at opera- 
tions and the static discomfort produced 
by the body weight may play a certain 
role. Fatness favors the development of 
rickets in very young infants, a fact which 
nowadays appears to have no significance 
because of the generally applied D-vita- 
min prophylaxis. A certain infection sus- 
ceptibility is characteristic of fat children. 
Infection susceptibility and a reduced re- 
sistance against infections, however, may 
be more closely associated with constitu- 
tional factors, of which fatness is a partial 
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phenomenon, than with fatness itself. (hil. 
dren’s disinclination to stay out of doo sat 
play with other children may also co :tri- 
bute to a lowered resistance. Thanks to 
the means at our disposal of warding off 
severe infections (sulfonamides, ant bio. 


tics, gammaglobulin), this disinclination 
temp 


connection with fatness appears to playa 
lesser role in children than previously, 
Static disturbances may occur in forin of 
flat-foot anomalies, bow-leggedness, etc. If 
fatness in children is not excessive, which 
rarely is the case, it is scarcely accom. 
panied by any somatic troubles in contrast 
to the situation in adults. It is rather 
considered as a beauty defect. Inasmuch 
as one can seldom attain a permanent 
elimination of this uncomely appearance 
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by a drastically restricted diet, it is faryprove 
more advantageous for the child’s psychic’ detail 


health not to attempt to alter its habits 
in a manner too repugnant to it. Instead 
one might prescribe some simple diet ctic 
recommendations, such as, for example. 
decreasing the number and size of snacks, 


study 
found 
slim 
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and at least restricting the use of sweets,‘ ner, : 
pastry, butter and sugar at meals. If the| emoti 
family comprises several children, it is) still 
recommended that the prescribed dietetic fied. 
regimen should be adhered to by the while that 
family in order to make it easier for the, with ; 


obese child to follow the physician’s 
vice. The child’s physical activity sh 
also be taken into consideration it 
treatment and, whenever it is feasib 
is recommended to introduce some et- 
joyable and well-disposed exercise- is} 
this manner the child’s family life wil 
become harmoniously balanced. 
When the child attains puberty « 


reaches sexual maturity, an its 
ary 
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if. (hil{desire to become slimmer grows into a 
loos at/domiiiant obsession, then on its own initia- 
co itri.|tive tne child will cooperate in eliminating 
nks tolits corpulence and accept the restrictive 
ing offfdietary regimen with its accompanying 
ntibio.{discomforts and strains. Then it is much 
tion injeasier to cut down on the eating, and the 
play aftemptations to backslide will not be over- 
iously,Jpoweringly strong. So the child begins to 
orm offlose weight. Even if the fatness does not 
etc. Iffalways completely disappear, it becomes 
much easier for the child to keep the 
weight within reasonable bounds. In ex- 


which 
ntrast}ceptional cases, fatness may during pu- 
rather}berty even change into a pathological 
smuch}leanness through mental anorexia. 
anent| The correctness of the above suggestion 
irance}about the treatment of obese children is 
is faryproved, among other things, by the results 
sychie| detailed by Hilde Bruch in a follow-up 
nabits study of her series of fat children. She 
stead found that 15% of the cases had become 
etetic slim and showed satisfactory adaptation, 
mple, 20% remained continuously fat but had 
iacks, adapted themselves in a satisfactory man- 
veets,f ner, 25% had become slim but disclosed 
f the| emotional disturbances, and 40 % remained 
it is) still fat and emotionally poorly modi- 
etetic fied. She writes: ‘“‘A favorable outcome, 
wholes that of slenderness or moderate obesity 
1 the, with yood social adjustment, was achieved 
< ad} only »y those who had had the least 
sould) amount of medical attention, no endocrine 
the| inject‘ons and no enforcement of dietary 
Jo, it] restri tion. These patients had established 
en-| contr)! over their weight during adoles- 
In} cence or in early adult life on their own 
will] initis ive, not under outside compulsion.” 


The hildren in Hilde Bruch’s series who 
be-} had 4st their fatness, or who under all 


its} cirei stances had not been incapacitated 
ary{ by 1 © same, came from homes in which 
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the development from infancy to maturity 
had not been obstructed by parental nag- 
ging, emotional tension or authoritative 
criticism. 

All children are not alike. On the con- 
trary, each child is an individual type. 
Just as slimness or overweight may occur 
which is considered to be of non-physio- 
logical origin, so there may also exist an 
overweight which separates the child from 
children in general. One does not know, 
however, whether an overweight is non- 
physiological just for the child in question. 
It may be a partial phenomenon of its 
bodily constitution and this cannot be 
altered by external means. It would be 
just as difficult to remove fatness per- 
manently from an obese child by means of 
a relative starvation diet as it would be 
to make a constitutionally abnormally 
skinny child increase in weight and remain 
normal by means of an intentionally rich 
nutritional diet. 

It is apparent from the above state- 
ments that I consider it irrational to apply 
immediately to obesity in childhood the 
suggestively most logical therapy by re- 
commending a restricted diet. It is the 
obese child and not its obesity which 
should be treated. Our first objective is 
to attempt to ascertain if we are dealing 
with some psycho-pathological trouble in 
the child and to elucidate the situation 
between the child and the other members 
of its family as well as its school- and 
play-mates. Should there be any cause to 
suppose that the obesity is dependent on 
psychic disturbance in the child, then it is 
advisable to seek child-psychiatric expert 
help. If instead the emotional disturbance 
is secondary to the fat nuisance, which is 
usually the case, then one shall make it 


88 A. WALLGREN 


known that fatness has very little signifi- his comrades’ scoffing. By such mea ures 
cance from a physical health point of view one may hope and trust that the othe wisi 
and attempt to get the relatives and the harmless fatness should not throug! un, 
child to accept the overweight as a consti- wise treatment be exchanged for an «bes. 
tutional anomaly which belongs to the ity neurosis or aggravate an already 
child’s peculiar make-up and try to in- existing one. 

struct and encourage the child to ward off 


Summary 


Obesity in children is often accompanied with psychic disorders and signs of family- 
social maladjustments. Such psychic health hazards may occasionally constitute a_pri- 
mary factor in the production of obesity. Usually it is secondarily produced by various 
psychogenic influences and mechanisms causing conflicts and tension in the family 
child relationship, such as lack of sufficient understanding, ill-treatment of the child’s 
corporal handicap or rash attempts to reduce the weight without the joint effort of the 
child. In view of the fact that obesity rarely constitutes a serious physical health hazard 


for the child, it would seem more appropriate to omit any strictly regulated reducing! 
diet. Treatment should primarily concern the obese child and not solely its obesity.} 


References 


Brucu, H.: Physical growth and development of obese children. Am. J. Dis. Child., 58: 457, 1939. 
- Physiologic and psychologic aspects of the food intake of obese children. Am. J. Dis. Child. 
59: 739, 1940. 
Psychological aspects of obesity. Rev. nutrit. Res., 19: 57, 1958. 
Obesity. Symposium on behavior disorders. Ped. Clin. North America. Vol. 5: 613, 1958. 
Huser, E.: Personlichkeitsuntersuchungen an adipésen Kindern. Neue oesterr. Ztschr. Kinderh!:., 2: 
186, 1957. 
MossBerG, H. O.: Obesity in Children. Acta pediat., Supplement 66, 1948. 
QUAADE, F.: On psychogenic obesity in children. Acta pediat., 42: 191, 1953. 


Pediatric Clinic 
Karolinska 
Stockholm, Sweden 


Li 
chan: 
atom 
of ox 
speci 
rabhyi 
amin 
sever 
local 
tion 
tissu 
poly: 
cells 
cara} 
rath 
mol 
exct 

hh 
port 
tior 
bee 
be 
sul 
mi; 
hy 
ha 


| 


a ures 


€ Wise 


‘lun. 
Obes. 


ady 


miily- 
pri- 
rious 
nily- 
hild’s 


f the 


izard 


icing! 


Acta Peediatrica 48: 1959, Suppl.: 117, 89—97 


Froin the Department of Pediatrics, University Hospital, Uppsala, and the Institute of 


Pathology, University of Gothenburg, Sweden 


Myocardial Changes Following Oxygen Inhalation 


An Experimental Study on Rabbits 


by R. BERFENSTAM and L. ZETTERGREN 


Liebegott (1940) studied those organic 
changes which arose after exposure to an 
atomosphere containing about 85 per cent 
of oxygen at N.T.P. for 7 days in various 


sity.) species (albino mouse and rat, guinea pig, 


hild., 


iset 


Nn 


rabbit, cat and dog). At histological ex- 
amination of the rabbit hearts he found 
severe changes in the form of necrotic foci 
localized predominantly in the apical por- 
tion of the left ventricle including the pa- 
pillary muscles. The necrotized muscular 
tissue was replaced by young fibroblasts, 
polvmorphonuclear leukocytes and round 
cells. Liebegott ascribed the observed myo- 
cardial changes—which were described 
rather summarily—to hypoxia due to pul- 
monary lesions induced by inhalation of 
excessive oxygen concentrations. 

I), the same year Pichotka (1940) re- 


port d the results of a similar investiga- 
tio. where guinea pigs exclusively had 
bee) used. No myocardial changes could 


be  -monstrated, however. Pichotka pre- 
sur d that the absence of such changes 
mi; t have been due to the fact that the 
hy) .xia resulting from exposure to oxygen 
ha too brief. 

nsidering that no penetrating studies 


of cardiac changes following exposure to 
excessive oxygen concentrations seem to 
have been published and because sponta- 
neous myocarditis (pen infection) is a pos- 
sibility that had not been ruled out in 
Liebegott’s investigation, we have felt it 
justified to report the results of such a 
study. In a forthcoming publication it is 
hoped to supplement these findings with 
electron-microscopic observations of the 
early changes induced by oxygen inhala- 
tion. 
Materials and Methods 


Forty-six adult, mixed-breed rabbits of 
both sexes, whose body weights varied from 
2.0 to 3.5 kg and averaged 2.5 kg, were used 
for the experiments. The animals were given 
food and water ad libitum. 

Exposure to oxygen was accomplished in 
a gas chamber of 0.3 m? capacity provided 
with a closely fitting glass cover. In all the 
experiments a temperature of 20° to 23°C 
and relative humidity of 70 to 80 per cent 
were maintained within the chamber. Oxy- 
gen at atmospheric pressure from a battery 
of gas cylinders was supplied at a rate 
enabling its concentration in the chamber 
atmosphere to be kept between 70 and 80 
per cent. Separate inlet and outlet ports on 
the chamber were interconnected by a closed 
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Fig. 1. Myocardium with vacuolar degeneration. Hematoxylin—van Gieson. 


circulation circuit comprising a pump, water 
trap and carbon dioxide absorber. The pump 
was driven by a motor incapable of generat- 
ing ozone. 

As soon as possible after death the animals 
were dissected and heart and lungs excised. 
After fixation in 10 per cent formalin solu- 
tion and/or absolute ethancl, parts of these 
organs were embedded in paraffin, sectioned 
and stained with hematoxylin-van Gieson’s 
stain, Heidenhain’s iron-hematoxylin, Best’s 
periodic acid-Schiff (PAS). 
Other parts were frozen, sectioned and stain- 


ecarmine and 


ed with scarlet red. 


Results 


When the rabbits had been exposed to 
the high-O, atmosphere in the gas chamber 
for about 48 hours, they began to refuse 
food and water, their respiratory move- 
ments became slow and deep, they crou- 
ched quietly, and sometimes their heads 
were maximally dorsiflexed. These signs 


became more pronounced with time, and 
after the rabbits had been in the yas 
chamber for 72 to 144 hours death voc- 
curred. 

If rabbits in this state were removed 
from the gas chamber, their respiratory 
distress would increase and they occa- 
sionally expired in a condition resemb! ng 
pulmonary edema. 


Post mortem observations 


Gross findings.—The pleurae contai: ed 
small amounts of a colourless liquid. " he 
lungs were enlarged, of bluish-red hue # 1d 
had a fairly firm, hepatoid consister:y. 
Comparatively large amounts of a foa) :y, 
colourless liquid were present in some : 1i- 
mals’ trachea and bronchi. 

Most of the hearts were enlarged, chi: ly 
because they were dilated and heavily ¢ n- 
gested. The pericardia usually contai: °d 
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Fig. 2. Myocardium with vacuolar degeneration and necrosis of occasional muscle fibres. 
Hematoxylin—van Gieson. 


some colourless liquid, but their surfaces 
were smooth and glistening. 
Microscopical changes. — Microscopic 
myocardial changes were noted in 38 of the 
46 experimental rabbits. These were se- 
vere in 8 animals (Group I), moderate in 
12 (Group II) and slight in the remaining 
18 (Group III). Although they occurred 
in all parts of the heart, the lesions were 
consistently most pronounced in the left 
ventricle, especially its apical portion. 
T!-e most frequent type of lesion had the 
app irance of vacuolar degeneration (Fig. 
1). uch degeneration was encountered in 
all t \e rabbits of Groups I and II and in 
som of those of Group III. Just as in 
lesi 1s of other types, the vacuolar dege- 
ner ion was focal rather than generalized, 
but lacked manifest topographical rela- 


tio. to vessels, endocardium or pericar- 
div . In the earliest stages of vacuolar 
de: neration, minute vacuoli which were 


uncoloured and transparent as water, of- 
ten disposed in rows like a string of pearls, 
were observed between the muscular fi- 
brils. Whereas the striation of muscle fi- 
bres which were thus changed was on the 
whole preserved, their thickness was some- 
what greater than normal. In rabbits with 
more advanced lesions, the vacuoli were 
larger, some of them twice the size of an 
erythrocyte. As a rule the largest vacuoli 
were situated next to the nuclei and some- 
times formed a depression therein (Fig. 1). 
Muscle fibres exhibiting this advanced 
form of vacuolar degeneration were con- 
siderably thickened and their striation only 
partially preserved (Fig. 2). The vacuoli 
mentioned in the foregoing contained nei- 
ther glucogen nor lipids. 

Areas with pronounced vacuolar degen- 
eration in some of the animals were found 
to be homogenized and completely devoid 
of structure (Fig. 2). In addition such areas 
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Fig. 3 Muscle fibres with thickened fibrils. Hematoxylin—van Gieson. 


often presented varying degrees of intersti- 
tial edema that had torn apart the muscle 
fibres and connective tissue fibrils. 

Another frequent finding was altered 
stainability of the muscular tissue, affect- 
ing either occasional fibres or small cir- 
cumscribed areas which sometimes were 
situated perivascularly. The altered stain- 
ability was manifested by enhanced affin- 
ity for eosin and also for PAS causing the 
muscular tissue to take on a bright pink 
colour. Although the majority of areas 
whose stainability was altered in this way 
exhibited no structural changes, some of 
them were observed to show early vacuo- 
lar degeneration. Attempts to stain such 
areas for glucogen and lipids were unsuc- 
cessful. 

Other and usually very varying forms 
of major structural changes were encoun- 
tered in all the rabbits in Group I and in a 


few of those in Group II. Thus, in certain | 


areas, the striation of the muscle fibres 
had their thickness 
varied within wide limits, and the fibrils 
were thickened (Fig. 3) and abnormally 
stained by iron-hematoxylin (Fig. 4). E!se- 


been obliterated, 


where in the myocardium the fibres exhib- 
ited marked granulation or fine reticulation 
(Fig. 5). Fractionated iron-hematoxy |in 
staining revealed that in areas of the lat ‘er 
appearance the normal structure of ‘he 
muscle fibres was completely destroyed, 
with the sarcoplasm undergoing sca! ng 
and mossy disintegration (Fig. 6). U ti- 
mately this apparently rather slow m_0- 
lysis with the concurrent interstitial c \n- 
nective tissue cell proliferation, histioc te 
mobilization and lymphocyte and plas) 0- 
cyte infiltration gave rise to lesions  e- 
sembling those seen in myocarditis (I 4g. 
7). Being most pronounced in the ap: al 
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Fig. 4. Muscle fibres with thickened fibrils and varying stainability. 
Heidenhain’s iron-hematoxylin. 


Fig. 5. Muscle fibres with fine reticulation. Hematoxylin—van Gieson. 
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Fig. 6. Muscle fibres with scaling and granular disintegration. 
Heidenhain’s iron-hematoxylin. 


Fig. 7. Myocardium exhibiting necrotic foci with infiltration of inflammatory cells. 
Hematoxylin-van Gieson. 
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Fig. 8. Myocardium with necrotic foci with calcifications. 
Hematoxylin—van Gieson. 


Fig. 9. Myocardium with myolysis, but no inflammatory reaction. 
Hematoxylin—van Gieson. 
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portion of the left ventricle including the 
papillary muscles, such myocarditoid foci 
were often situated perivascularly. In some 
of the rabbits in Group I, furthermore, 
small, of 
without reactive changes were observed. 


circumscribed areas necrosis 
Calcifications were seen in some of these 
necrotic foci (Fig. 8). In some animals, 
finally, small areas were encountered in 
which the muscle fibres had been comple- 
tely or almost completely destroyed and 
yet the 
(Fig. 9). 

When stained for lipids, sections of 
myocardium from all groups, but particu- 
larly often those from Group I, were found 
to include small areas of fatty degeneration. 


mesenchyma remained intact 


Glucogen staining revealed that the 
muscular tissue bordering on areas of 
myocarditic appearance was often very 
rich in glucogen. Apart from this, however, 
no manifest deviations in glucogen content 
were noted. 

Controls 

For the purposes of another investiga- 
tion, a large number of identically raised 
rabbits of the same stock were killed. It 
was convenient to use 9 of these rabbits as 
controls in the aforementioned experi- 
ments. It appeared that none of them ex- 
hibited myocardial changes of any of the 
types described here. 

Discussion 

From the trials described in this paper 
it has appeared that in the rabbit pro- 
to 
concentrations gives rise to myocardial 


longed exposure excessive oxygen 
changes of very varying character. An 
important factor in the genesis of these 
changes is the increasing respiratory dis- 


tress seen in animals that have been in- 
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haling oxygen at an elevated partial pres. f othe 
sure for two or three days. This condition } must 
might be due to oxygen-induced pul:no- even 
nary lesions, for example atelectasis nd 
hyaline membranes (Liebegott, 1940; Pi- 
chotka, 1940; Berfenstam et al., 154. \ 
1958; De & Anderson, 1954), resulting in +n 98 
impaired gas exchange in the lungs. Hence “a : 
the ultimate outcome of oxygen inhalation ie 
would be so-called paradoxic hypoxia. oxhil 
Moreover, it has been shown experinien- tis-lil 
tally that the arterial oxygen tension in ‘aii 
dogs is reduced to 38 per cent after 8 sui 
days’ inhalation of 80 per cent oxygen 
(Binger, Faulkner & Moore, 1927). In the 
present series of experimental animals. the oi, 
lungs were also examined microscopically, | 
the degree of atelectasis and the incidence 

of hyaline membranes being noted and 
correlated with the severity of myocardial | B1N¢! 
changes. Without going into the details} picn 
of this analysis, we would emphasize that ae 
the extent of pulmonary lesions showed a 
definite though not total correlation with | 
the severity of myocardial changes. Owing] Kerry 
to such things as lack of sufficient physio- } ata 
logical data, our ability to establish the 
temporal relations of the development of} 18! 
these pulmonary and cardiac changes 
mains very limited. Nevertheless, we feel | ae 
justified in presuming for the time } ing | 

that the myocardial changes are secon: ary } 

to the oxygen-induced pulmonary lesions | 

and accordingly caused, at least to - me | 
extent, by hypoxia. This assumptio. is | 
borne out by the prevalence of 
degeneration in the myocardium of the } 


experimental animals for it has bee: de- 


monstrated that hypoxia causes vac: lat 
degeneration (Biichner, 1932, 1933; 
nenberg, 1939; Kritzler, 1944; Lew s & 
Haymaker, 1948; Grundmann, 1949). [he 
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pres. J other observed myocardial changes, too, that they at least partially could be due 
lition }must probably be attributed to hypoxia, to metabolic disturbances following the 
ulno- | even though it cannot yet be ruled out oxygen intoxication. 


3 and 
Pe Summary 


—_— A variety of myocardial changes, predominantly in the left ventricle, were observed 
Hs I | in 38 of 46 rabbits which were exposed to 70 to 80 per cent oxygen until they died. In 
“ fies the majority of animals the changes took the form of vacuolar degeneration, altered 
ore stainability of the muscular tissue and interstitial edema. In addition, the animals 
OXF exhibited major structural changes leading to myolysis and development of myocardi- 
Bae’ tis-like foci. It is the authors’ contention that the changes in question are secondary to 
“e : such pulmonary lesions as are caused by oxygen inhalation and, hence, that at least 
er ¢ 
‘vgen 


1 the References 


- BERFENSTAM, R., EpLuND, T. and ZETTERGREN, L.: Nagra synpunkter pa de hyalina lungmembra- 

rally, nernas patogenes (in Swedish). Nord. Med., 52: 1132, 1954. 

The hyaline membrane disease. A review of earlier clinical and experimental findings and some 

studies on pathogenesis of hyaline membranes in O,-intoxicated rabbits. Acta Padiat., 47: 

and 82, 1958. 

rdial | Brycrr, C. A. L., FAULKNER, J. M. and Moore, R. L.: Oxygen poisoning in mammals. J. Eaper. 

Med., 45: 849, 1927. 

‘tails BicHNerR, F.: Die Rolle des Herzmuskels bei der Angina pectoris. Beitr. path. Anat., 89, 644: 1932. 
Das morphologische Substrat der Angina pectoris im Tierexperiment. Jbid., 92: 311, 1933. 

Dr, T. D. and ANDERSON, G. W.: The experimental production of pulmonary hyaline-like membranes 

eda with atelectasis. Am. J. Obstet. Gynec., 68: 1557, 1954. 

with | GruNpMaNN, E.: Histologische Untersuchungen iiber die Wirkungen experimentellen Sauerstoff- 

. mangels auf das Katzenherz. Beitr. path. Anat., 111: 36, 1950/1951. 

Wing} Krirzier, R. A.: Acute high altitude anoxia. Gross and histologic observations in twenty-seven 
cases. War Med., 6: 369, 1944. 

Lewis, R. B. and HayMAKER, W.: High altitude hypoxia. Observations at autopsy in seventy-five 

the cases and an analysis of the causes of the hypoxia. J. Aviat. Med.; 19: 306, 1948. 

it off) LigBecotr, G.: Uber Organveranderungen bei langer Einwirkung von Sauerstoff mit erhéhtem 
Partialdruck im Tierexperiment. Beitr. path. Anat., 105: 413, 1940. 

*Te-| Prcnorka, J.: Uber die histologischen Veranderungen der Lunge nach Atmung von hochkonzen- 


partially they are caused by hypoxia. 


lence 


that 


vsio- } 


feel ‘riertem Sauerstoff im Experiment. [bid., 105: 381, 1940. 
; TANN! NBERG, J.: Comparative experimental studies on symptomatology and anatomical changes 
ing roduced by anoxia and insulin shock. Proc. Soc. exp. Biol., 40: 94, 1939. 
ary 

: (R. B.) Department of Pediatrics 
ons University Hospital 
yme Uppsala, Sweden 
1 is (L. Z.) Institute of Pathology 

University of Gothenburg 
Sweden 
the ) 
de- 
lar 
& 
Che 
7 360 Acta Pexdiatrica, Suppl.: 117 


Acta Prediatrica 48: 1959, Suppl.: 117, 98—107 


From the Department of Pediatrics, University Hospital, Uppsala. 


Atypical Patent Ductus Arteriosus in Infancy 


by AKE GYLLENSWARD 


The term atypical patent ductus has be- 
come the generally accepted mode of de- 
scribing cases of patent ductus arteriosus 
but 
other anomalies of the heart or great ves- 


with pulmonary hypertension no 
sels. Since patent ductus was the first 
cardiac malformation to become treatable 
by surgery, it is natural that its varia- 
tions have received considerable attention. 
Nonetheless, a long time elapsed before the 
serious clinical pictures that can appear 
even during infancy, and that may be due 
to grossly patent ductus alone, were re- 
cognized. In a few publications, however, 
it was early pointed out that patent ductus 
is not uncommonly the sole cause of death 
(Abbott, 1937; Wilson & Lubschez, 1943). 
Such cases are often misunderstood by 
inexperienced examiners, who interpret 
the secondary and terminal pulmonary 
changes as the main cause of death. 

Since the beginning of the 1950's, the 
clinical picture has been repeatedly de- 
scribed in the cardiological literature (Zieg- 
ler, 1952; Dammann & Sell, 1952; and 
others), and is to be found in up-to-date 
handbooks on paediatric cardiology (Kjell- 
berg, Mannheimer, Rudhe & Jonson, 
1955; Nadas, 1957; Keith, Rowe & Vlad, 
1958). It would seem, however, owing to 
specialization in medicine and medical lite- 


rature, that this knowledge has spread 
little outside cardiological circles. Despite 
the tremendous advances in cardiac sur. 
gery, practically the only cases of conveni- 
tal cardiac anomaly with poor short-term 
prognosis among infants, that can at pres. 
ent be successfully treated by operation 
are those of atypical ductus arteriosus. It 
is therefore of the greatest concern that 
these particular cases are singled out for 
specialist treatment. In order that the 
diagnosis be made and operation carried 
out at an early stage, it is essential that 
the condition be recognized by the pac«ia- 
trician. 
Material 

The series to be described consisted ori- 
ginally of 14 cases aged from 3 to 17 months. 
diagnosed as atypical patent ductus art:rio- 


ese, 


sus with no other cardiac anomaly. Of t 


3 were boys and 11 girls, which repre: 
the normal sex distribution in patent du: tus. 
It is noteworthy that 3 of the 14 mother» had 
had rubella during the first or second month 


of pregnancy. All of their children ha:', in 


addition to the cardiac lesion, unilate: or 
bilateral cataract and microphthalmos. and 
were generally underdeveloped. An: ‘he! 
child was deaf, and yet another mer all) 
retarded. One of the mothers had s: vert 
diabetes mellitus, and had several times een 
in coma during the early part of the — reg: 


nancy. In her child a large ventricular = tal 
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found! 
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defe.t that had been overlooked even at 
cardiac catheterization was subsequently 
foun, and this case was therefore excluded 
fron: the series (Case 14). Of the remaining 
13 cases, not fewer than 5 had severe con- 
genital malformations of organs other than 
the heart. 

In most of the cases the birth-weight was 
strikingly low, even though none of the in- 
fants was born more than two weeks before 
the expected date. The mean birth-weight 
for the series was 2700 g (2100-3900 g). 

It is of particular interest that 6 of the 13 
children belonged to the region served by the 
Uppsala clinic, the remaining 7 having been 
referred from other parts of the country 
where there is no specialist in paediatric 
cardiology. The ratio between the popula- 
tions of the Uppsala district and the other 
districts is 2:15. Since no further infants 
with atypical patent ductus were referred 
to other paediatric-cardiological centres from 
these districts during the period covered by 
the investigation, there is reason to presume 
that the condition is going unrecognized and 
infants are dying of it. This contention is 
borne out by the fact that older children 
with atypical patent ductus are now rarely 
seen in Sweden. 

Our cases are presented in Table 1. 


Clinical Picture 

Briefly, the clinical picture is as follows. 
The infant is very poorly, and from the 
start is difficult to feed and shows little 
weigh t-gain. Attacks of cyanosis are com- 
mon during the neonatal period, but these 
disay pear, and do not recur until the pres- 
sure n the pulmonary artery equals that 
in t!e aorta, and this does not usually 
take place during infancy. Recidivating, 
prot .cted pulmonary and bronchial in- 
fect 
chit 
bee ae very ill. Even during uninfected 


ns, and especially asthmatic bron- 
are common, and the child may 


ls mucous secretion is increased in 
ronchi. Precordial bulging and thrill 


per 
the 


99 


are common, but the latter is often diffi- 
cult to detect owing to the prominent 
bronchial signs and the inevitable tachy- 
pnoea. For the same reasons, auscultation 
of the heart is as a rule difficult. The 
continuous murmur typical of patent duc- 
tus arteriosus is often absent. Instead 
there is a loud, rough, prolonged systolic 
murmur, loudest over the 
fourth left interspace, and which is charac- 


which is 


teristically heard more plainly over the 
base of the heart than over the apex 
(Fig. 1). In addition it may continue into 
the second sound, but this can rarely be 
established without a phonocardiogram. 
A mid-diastolic murmur is also often heard 
in the region of the apex (Ravin & Darley, 
1950; and others). The less pronounced 
the pulmonary hypertension is, the more 
continuous does the murmur become. Even 
in cases with marked pulmonary hyperten- 
sion the phonocardiogram may indicate a 
continuous murmur over the 2nd—4th left 
interspaces, although it is heard as a pure 
systolic one. Most writers claim that the 
murmur is most commonly purely systolic, 
but their views are usually based on aus- 
cultatory findings alone. In 7 of our 13 
cases phonocardiography revealed an in- 
disputable continuous murmur, and in 3 
more the systolic murmur tended to per- 
sist over the second sound. Even in cases 
of typical patent ductus, the murmur 
during infancy often seems to be purely 
systolic, changing to a continuous murmur 
after the first year of life. Phonocardio- 
graphy, however, often reveals that the 
apparently systolic murmur is in fact a 
continuous one, with a very short diastolic 
component. 

The electrocardiogram reveals hyper- 


trophy of both »gnt and left ventricles 
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I 2-5 sin 1/50 
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hy 


murmurs. (The diastolic murmur was more pronounced over the apical region.) (Case 11.) 


(Fig. 2). The direction of the electrical 
axis may vary greatly. 

The heart is considerably enlarged and 
the volume may become immense. In one 
of our cases it was 650 ml/sq.m body 
surface. The enlargement involves the left 
ventricle and left atrium in particular, but 
the right ventricle is also enlarged. The 


pulmonary artery is widely dilated, and 


the vascular shadowing in the lungs in- 


creased (Fig. 3). At the same time t iere | 
are not uncommonly opacities in the ung | 


fields due to patches of broncho-p .eu- 
monia and atelectasis. 


Discussion 
ith 
certainty be diagnosed with the ai. of 


Simple patent ductus arteriosus can 


| 


Fig. 1. (A) Continuous murmur with a short diastolic component (Case 6). (B) Systolic and dias olie } 
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Fig. 2. A usual ECG in atypical patent ductus 
arteriosus during infancy (Case 9). 


the stethoscope alone. Atypical patent 
ductus, however, requires further investi- 
gation, partly because it may easily be 
mistaken for a large ventricular septal 
defect, and partly to exclude the presence 
of other anomalies, especially ventricular 
septal defect (Dammann & Sell, 1952; 
Ziegler, 1952, Young, Rowe, Curreri & Gale, 
1958) and pulmonary stenosis. Cardiac 
catheterization, especially in young in- 
fants, may present great difficulties of 
both execution and interpretation. The 
pulmonary hypertension is, of course, al- 
ways accompanied by raised pressure in 
the right ventricle. Conditions of flow at 
the tip of the catheter may cause a reading 
in the pulmonary artery 10-15 mm Hg 
lower than under ordinary circumstances, 


ever! in the absence of pulmonary stenosis 
(Jon son, 1957). And, on the other hand, 
evel’ quite severe pulmonary stenosis may 
be a-sociated with a quite moderate pres- 
sure gradient between the right ventricle 
and julmonary artery, since the pressure 


in t ¢ pulmonary artery is influenced by 
the videly patent ductus. In such a case, 
cer’ inty can only be reached with the 
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aid of selective angiocardiography from 
the right ventricle. Increased oxygen sa- 
turation in the pulmonary artery may be 
due to a very high ventricular septal de- 
fect, even if shunting to the right ventricle 
cannot with certainty be demonstrated. 
In some cases, in which there is gross 
shunting to the pulmonary artery, insuf- 
ficiency of the pulmonary valves arises. 
The saturation values in the right ventricle 
will then be similar to those obtained in 
cases of high ventricular septal defect. It 
is often possible to pass the catheter 
through the ductus, thus demonstrating 
its presence. In order to demonstrate or 
exclude co-incident ventricular septal de- 
fect, it is necessary to perform selective 
angiocardiography with very rapid injec- 
tion of the contrast medium into the out- 
flow tract of the right ventricle, and with 
rapid sequence of exposures. Even this 
technique may miscarry when the shunt 
is from left to right under physiological 
conditions. The smaller the difference in 
pressure between the ventricles, the greater 
the chances of demonstrating the defect. 
In cases where the systolic pressure is 
the same or nearly the same in the pul- 
monary artery and aorta, no shunt can be 
demonstrated by catheterization, but se- 
lective angiocardiography usually gives 
the diagnosis. Venous angiocardiography 
is inadequate, owing to the haemodynamic 
conditions described above. Pulmonary 
hypertension of primary nature or second- 
ary to pulmonary disease can often not 
be excluded pre-operatively, but those pa- 
tients are usually cyanotic from an early 
stage. In such cases, as when a large ven- 
tricular septal defect maintains the pres- 
sure in the pulmonary artery, the pressure- 
fall in the pulmonary artery that can 
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oth: rwise be recorded when the ductus is 
clamped does not take place. 

The question of the aetiology of the 
pulinonary hypertension in cases of atyp- 
ical patent ductus arteriosus will not be 
entered into here. It may be pointed out, 
however, that the phenomenon may have 
different causes in different cases. There 
may be a primary lesion of the arterioli 
of the lungs, causing the fetal vessel walls 
to persist; or the hypertension may be an 
effect of the excessive flow, which causes 
both spastic and later on organic changes, 
with increased resistance as result (Civin & 
Edwards, 1951). The chances of the pres- 
sure in the pulmonary artery becoming 
normal after closure of the ductus are 
greater in the case of the latter alternative, 
especially if the organic changes have only 
progressed slightly. It is probable that the 
former alternative leads to a right-to-left 
shunt during the first years of life. In 
patients with right-to-left shunting, regres- 
sion of the pulmonary hypertension may 
not he expected after closure of the duc- 
tus, and are therefore not suitable for 
operation. Further, there is no regular 
correlation between the calibre of the duc- 
tus and the degree of pulmonary hyper- 
tension. Patients are thus encountered in 
whom the ductus is short and widely pa- 
tent. but who have only slight pulmonary 
hyp rtension at one year of age, whereas 
the: are others with high pressure in the 
puliionary artery and a much narrower 
duc as. 
ice operative treatment of infants 
wit congenital heart disease has not been 


ve 
me ods, clinicians at many cardiological 
cer res take a negative attitude to cardi- 
ac atheterization and angiocardiography 


encouraging, even with up-to-date 
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during the first year of life. The techniques 
are difficult, and the results not easily 
evaluated; and the risks are not to be dis- 
regarded. The possibility of atypical pat- 
ent ductus arteriosus with no accom- 
panying anomalies is easily overlooked. 
Among our cases there are two that were 
judged to have a complex cardiac mal- 
formation. They were in poor condition, 
and detailed investigation was not under- 
taken. These infants died at 6 
months respectively (Cases 5 and 10), and 
necropsy revealed that nothing more than 
very widely patent ductus arteriosus had 


and 9 


been responsible for the grave illness. Sub- 
sequently, in both cases, it was found 
that the clinical signs, and electrocardio- 
graphic and roentgenological findings fit 
in very well with the clinical picture of a 
gross atypical patent ductus arteriosus. In 
one of the cases we might defend ourselves 
with the excuse that the parents of the 
infant were not in favour of cardiac cathe- 
terization, but this would be the cry of the 
unrepentant. 

The results of operation in our series 
are similar to those reported by others. 
Of the 11 infants treated by surgery, one 
died two hours after operation, and the 
remaining 10 are perfectly healthy or 
greatly improved, that is to say, the symp- 
toms and signs ascribable to the cardiac 
anomaly have disappeared. It is true that 
only one case in the final series has been 
recatheterized, but the clinical picture to- 
gether with the electrocardiogram and 
roentgenograms are enough to assess the 
result. Immediate clinical improvement 
follows operation, but several months may 
elapse before the X-ray and electrocardio- 
graphic findings become normal. In most 
cases there is a residual soft systolic mur- 


|| 
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mur over the 3rd left interspace. In only 
one case was there evidence that this was 
due to pulmonary stenosis (Case 13); in 
the others the murmur was with all prob- 
ability caused by a dilated pulmonary ar- 
tery (Ekstrém, 1952). The infant with the 
concomitant ventricular septal defect 
stood the operation remarkably well, and 
is still alive one year later. Follow-up 
examination 4 months after operation 
even showed some improvement (Case 14). 
The infant that died, a boy of 9 months 
(Case 4), was one of our first patients, and 
had a greatly enlarged heart and signs of 
gross decompensation. He died of pul- 
monary oedema, and it is not unlikely 
that he would have survived had we fel- 
lowed the present exceedingly stringent 
rules concerning administration of fluid 
during and after operation. At that time 
we did not realize how very restrictive 
one must be in this connexion. The reluc- 
tance to operate upon cases of atypical 
patent ductus which is still encountered 
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in some centres would therefore seem t:: be 
unjustified to-day. The mortality of the 
procedure is less than 10 %, and untre: ted 
the prognosis is very much worse. 

In every case, therefore, where theie is 
the least suspicion of atypical patent «iuc- 
tus arteriosus detailed cardiological in- 
vestigations should be carried out. ‘The 
time for this depends upon the infant’s 
condition, and will therefore often be be- 
fore 6 months of age. It should be poiiited 
out, however, that children with patent 
ductus with a gross shunt may, like chil- 
dren with ventricular septal defect, be 
greatly incapacitated during infancy, but 
may develop fairly normally during the 
following period, the increasing pulmonary 
hypertension not becoming evident until 
several years later. Patent ductus artcrio- 
sus, at any rate when diagnosed during 
childhood, should always be treated by 
surgery, but it may be extremely difficult 
to choose the right time. In uncomplicated 
cases, the preferred age is 3-7 years. 


Summary 


A brief account is given of atypical patent ductus arteriosus in infancy. I' is 
presumed that there must be many cases that are never diagnosed or treated, nd 


that are not recognized even post mortem. 
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Thorough cardiological investigation should be undertaken in all acyanotic inf: nts 
where there is the least suspicion of atypical patent ductus arteriosus. With the »id 
of phonocardiography it can be demonstrated that a continuous murmur is ¢1- 
moner among infants with atypical patent ductus than was formerly believed. The 0)» "a- 
tive risks are probably very much smaller than is generally supposed. 
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Klectrocardiographic Studies in the Healthy Newborn 


by MAGNUS MICHAELSSON 


A considerable number of investigations 
have been published concerning electro- 
cardiography in the healthy newborn. We 
believe the outstanding contribution in 
this field to be that of Ziegler (1951). Dif- 
ferences in the performance and results 
of the present investigation seem to justify 
the presentation of yet another study on 
healthy children. A review of the litera- 
ture and a comprehensive list of references 
can be found in Ziegler’s book. For works 
1951, Rossi 
(1954), Knipping et al. (1955) and Nadas 
(1957). 


which appeared after see 


Material and Methods 


The apparatus used was a direct-writing, 
two-channel electrocardiograph with jet re- 
corders (Elmqvist’s Mingograph Model 23, 
manufactured by the Elema Co., Stockholm). 
The paper speed was in every case both 50 
and 100 mm. per second and the accuracy 
of the speed was tested a couple of times 
during the experiments. The precordial leads 
were recorded with circular silver electrodes. 
In order to avoid surface conduction, the 
diameter of these electrodes was only 8 mm. 
They were fastened with a piece of plaster 
of about 2 sq. em. Care was taken to avoid 
excessive amounts of electrode paste, and 
the surface of the precordium was cleaned 
between each set of recordings. The following 
12 leads were used at each recording period: 


i, aVR, aVL, aV¥F, V1, V2, V3, V4, 


mV =| 
was controlled repeatedly for each lead. 


V5, V6. The standardization 1 em 

The experiments were carried out on 56 
babies (26 males and 30 females) born at the 
University Hospital in Uppsala during the 
1957 to January 1958. 
This figure represents about 25% of all chil- 


period December 
dren born in the hospital during that time. 
Only full-term babies uneventfully delivered 
of healthy mothers have been included in 
this study. All electroecardiographic record- 
ings were made by the author personally. 
When an opportunity was given to make 
recordings, these were made on the two or 
three youngest babies born on that day. The 
of the 
birth weight is given in Fig. 1. The physical 


distribution children according to 
findings were normal in all cases. Unavoid- 
ably the experiments were irritating to the 
child, especially during recording of the pre- 
cordial leads. With two exceptions the child 
could be calmed, at least for a short while. 
As a rule, the condition of the child chai ged 
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Fig. 1. Distribution of the material acco ling 


to birth weight. 
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during a recording period between more or 
less shallow sleep and vigorous crying. In 
most cases the recording was made within 
two hours after a meal. All recordings were 
made with the subject in a supine position, 
and no sedative or other medication was 
used in any case. The investigation time was 
30-60 minutes each occasion. The re- 
cording time was between 44 and 10 minutes. 


on 


The first electrocardiogram was recorded 
within 30 minutes after delivery in 8 cases, 
40 cases, and in the rest 
The subsequent electro- 
recorded on the second, 


within 3 hours in 
16 
cardiograms were 
third. fifth and seventh days. In 37 cases 
an electrocardiogram was recorded 5 times 
on each child and the number of electrocar- 


within hours. 


diograms per child was never less than 3. 
The total number of electrocardiograms was 


Results 


The electrocardiographic data have been 
correlated with medication to the mother, 
duration of labour, birth weight, loss of 
weight and time from last meal. The only 
correlation to be found was a slightly 
lower heart rate after the meal. All data 
have been compared with regard to the 
day of life and this comparison will be 
presented under each heading separately. 


Rate and rhythm 
The state of the child with frequent al- 


terna'ion between sleep and crying at 
each recording was reflected in the heart 
rate. vhich was measured in periods of six 
secon |s all through the recording time. As 
aru! the rate was high in precordial leads 
(the hild being irritated by the manipu- 
latic Fig. 2 is a fairly representative 
of heart-rate fluctuations during 
the: cording time. Fig. 3 shows the differ- 


ence between minimum and maximum 
hear rates at various ages. In the group 
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Fig. 2. Heart-rate fluctuations all through the 
recording time on the first (filled circle) and 
second (open circle) day in the same baby. 


as a whole there was a slight tendency to 
more stable rates in the first day with an 
increase of the differences in the following 
days. This difference kept fairly constant 
from the second to the seventh day, con- 
sidering the group as a whole, but there 
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Fig. 3. Difference between minimum and max- 

imum heart rates on various days of all re- 

cordings. The line connects the mean values of 

the single days. The mean value of the first day 

becomes even lower (from 36 to 25) if one takes 

into account the measurements performed within 
30 minutes after birth. 
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Max. rate 
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Fig. 4. Minimum and maximum heart rates of all recordings. 


were large variations in the individuals, 
quite regardless of age. There was almost 
no difference between minimum and maxi- 
mum heart rates when the various days 
were compared. The complete results (all 
the 252 recordings) are presented in Fig. 4 
where minimum and maximum rates mea- 
sured in periods of six seconds are re- 
ported. The rates were found to be re- 
spectively lower and higher than in similar 
reports by other authors. The essential 
reason seems to be our longer recording 
time. When the rate was measured only 
between two QRS complexes instead of in 
periods of six seconds, the minimum rate 
was at least 10-20 beats lower and the 
maximum 10-20 higher, except at the 
extreme values. 

Sixteen cases showed more or less regu- 
larly recurring sinus arrhythmia, with dif- 
ferences of heart rates between 20 and 45 
beats per minute. This arrhythmia did not 
occur on any special day and did not al- 
ways occur on all days in the same child. 
As could be expected, the sinus arrhyth- 
mia was more common in low heart rates. 
The arrhythmia was independent of the 
respiration, as Nordenfelt (1943) has shown 
to be the case with sinus arrhythmia in 


children less than 1 year old. It is interest- 
ing to note that Nadas says that sinus 
arrhythmia is almost never seen in infants. 
The high frequency of sinus arrhythmia 
in these cases seems to depend on the long 
recording periods and the lower heart 
rates. 

Isolated sinus arrest was noticed in one 
case and a few premature supraventricular 
systoles in three cases. Ventricular ectopic 
beats occurred in two cases, one of them 
with just a few beats. The other case 
proved to be of special interest. From the 
first electrocardiogram at two hours of age. 
there appeared an accumulating number 
of escaped beats. On the seventh day 
there were 200 ectopic beats in 6 minutes 
(25 % of all beats) and as shown in Fig. 5 
the 
partly occurring as bursts in bigemin 
sition. At 14 days of age, the electroca 
gram was quite normalized. Nothing 


type was ventricular fusion | 
po- 
lio- 
was 


this 


child, not even during the occurren: » of 


observed on physical examination in 


ectopic beats. 

In 12 cases supraventricular arrl. ‘th- 
mias were registered, in which the P « ave 
changed greatly in height, and somet nes 


the duration of P and P-R interval v: «ied 
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Fig. 5. The electrocardiogram on the seventh day of the baby with ventricular fusion beats. Paper 


speed: upper lead IT, 25; the other leads, 50 mm per second. 
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ae Fig, Examples of supraventricular arrhythmia (lead II) in two babies (A and B) on the third day. 
ed The arrows mark change of rhythm. 
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in such a way that with the lower heart 
rate, in lead II, the P wave was lower and 
shorter, and the P-R interval was also 
shorter. In three cases the P wave turned 
negative during the lower rate period. The 
differences in rate were 45 beats per mi- 
nute at most. These arrhythmias were 
more common when lower heart rates ap- 
peared. In 7 of the 12 cases the changes in 
rhythm seemed to follow the wakefulness 
of the child in such a way that, during 
sleep, the lower rate dominated. The ar- 
rhytmias could, as a rule, be followed all 
through the recording time, and were of- 
ten recorded on different days. They were 
observed at all ages but most often they 
occurred on the second and third day, and 
were gone in all cases but one on the se- 
venth day. Examples of this type of ar- 
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Another example of supraventricular arrhythmia (on the fourth day). The arrows mark 
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rhythmia are given in Figs. 6 and 7. The} . 
electrocardiogram in Fig. 7 is of special = 
interest as the periods with short P-R in- 
tervals in leads V1-2 seem to correspond i 
to the periods with negative P wave in 
lead IL. (These changes of rhytm occurred | TABL 
all through the recording time in lead II 
and VI1-2 respectively. The leads were | —— 
not recorded simultaneously, however.) t 
Perhaps this could be taken as evid:nce | nal 
that the supraventricular arrhythmia: are |_| 
of the ectopic, auricular type. yl 

If the sinus arrhythmias are exclu led. } ae 
there are still 18 cases of arrhythmia out aVL 
of 56 children. The long recording pe: iods nai . 
invalidate any comparison with other ma} v2 
terial. A considerably high frequenc of 
arrhythmias in the first days of life s: °ms | V5 
to occur, contrary to earlier belief. bod 

= 


= 
Il 
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P Wave 


The duration and the amplitude of the 
P wave were measured in all leads. The 
measurement in a few cases proved diffi- 
cult in standard leads, owing to an after- 
potential partially conflowing with the P 
wave. As a rule, the duration was the 
same in all leads. The longest duration 
noticed in any lead is reported. The mean 
value for the duration of P wave on the 
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to the after-potential. The longest P-R 
interval in any extremity lead is given. 
Table 2 shows the mean, minimum and 
maximum value of P-R interval in stan- 
dard lead II correlated with the lowest 
rate measured in this lead. This rate is a 
mean value for six seconds. The supra- 
ventricular arrhythmias are not included. 
Contrary to other investigators, we found 
the P-R interval to be longer the first day. 


? first day was 0.06, the minimum 0.05 and The explanation for this difference could 
) the maximum 0.09 seconds. The values be that in our material the first electro- 
~ the seventh day were 0.05, 0.04 and cardiogram has been registered such a 
0,08 respectively. These figures are in Short time after delivery. In fact all cases 
~~’ | agreement with those of Ziegler, except With P-R interval longer than 0.12 se- 
' | that we obtained higher values for the conds were recorded within two hours after 
“+ \ first 24 hours. There is also agreement as_ delivery. 
to the amplitude of the P wave, and these 
are presented in Table 1, where the supra- QRS Complex 
ark | Ventricular arrhythmias are excluded. In no case did the ventricular activa- 
tion time in the precordial leads exceed 
P-R Interval 0.03 seconds. 
The The interval is measured from the be- No Q wave was to be found in leads 
«ail ) ginning of the P wave to the beginning V1-2 in any patient. 


of the QRS complex. Even these measure- 
¢ ments proved difficult in some cases, owing 


The electrical axis of QRS was on the 
first day: mean 138, minimum 115, maxi- 


TaBLr 1. The mean, minimum and maximum amplitude of the P wave of all cases, measured 


d II in of a millivolt. 

vere 

er.) I First day of life Seventh day of life 

nce | Lead Mean Min. Max. Mean Min. Max. 

wi 0.64 0.5 1.0 0.83 0.5 1.5 
I] 1.35 0 2.0 1.44 0 2.0 

led, y, HI 0.59 0 1.5 0.56 0 1.5 
aVR — 1.04 — 2.0 —1.0 — 1.04 —2.0 —1.0 

out & aVL 0.07 120 0.5 0.25 0 1.0 

iods ? aVF 0.90 0 1.5 0.97 0 2.0 
VI 0.79 —1.0 1.5 0.80 0 1.5 

ma- fF V2 0.96 —1.0 2.0 1.05 0.5 2.0 

- of B V3 0.82 0.5 1.5 0.95 0.5 1.5 
V4 0.86 0.5 1.5 1.00 0.5 2.0 

ms f V5 0.62 0 1.0 0.82 0.5 1.5 
V6 0.70 0 1.0 0.88 0.5 1.5 
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TABLE 2. The mean, minimum and maximum P-R interval in seconds in lead II acco: din 


to age and minimum heart rate. 
First day Seventh day 
Rate No. of No. of 
beats/min. Mean Min. Max. cases Mean Min. Max. ‘ase 
80-100 0.10 0.08 0.12 a 0.09 0.07 0.10 6 
105-120 0.11 0.08 0.14 27 0.09 0.07 0.12 21 
125-140 0.12 0.08 0.14 21 0.10 0.09 0.11 18 
145-160 0.11 1 0.10 0.09 0.12 ll 


mum 190 and on the seventh day: mean 
136, minimum 110 and maximum 175. 
The duration of the QRS interval, mea- 
sured in seconds, is the same for the first 
and the seventh day, namely: mean 0.058, 
minimum 0.05 and maximum 0.07 seconds. 
In Table 3 the amplitude of the R and 
S waves is given, comparing the values of 
the first and seventh day. Every value 
noted is a mean of three measurements. 
As a rule there were no measurable fluc- 
tuations of the amplitude during the re- 
cording and the difference never exceeded 
2 mm. The comparison with the figures 
given by Ziegler shows that the values for 


precordial leads, especially V1-3, are lowe 
in our material. We cannot put forward 
any satisfactory explanation for this differ. 
ence. If the size of the precordial electrode: 
were significant, one would rather expect 
the amplitude in our material to be greater 
than in that of Ziegler. As far as one can 
understand, a few cases with very high 
amplitude are reported in Ziegler’s work. 
and this could account for the discrepancy. 


RS-T Segment 
Depressions or elevations of this seg. 
ment were measured in relation to a point 
located 0.04 seconds after RS-T junction 


TABLE 3. The mean, minimum and maximum amplitudes of the R and S waves (measurel 
in millivolt) according to age. 


R wave R wave S wave S wave 

first day seventh day first day seventh da 
Lead Mean Min. Max. Mean Min. Max. Mean Min. Max. Mean Min. Max 
I 0.31 0 0.9 0.31 0 0.8 0.93 0.3 2.0 0.77 0.4 He 
II 0.68 0.3 1.8 0.66 0 1.6 0.41 0 UBB 0.34 0 0.7 
III 1.17 0 22 1.11 0.4 2.4 0.05 0 0.4 0.04 0 0.2 
aVR_ 0.52 0 1.0 0.45 0.1 0.7 0.02 0 0.4 0.05 0 0.5 
aVL 0.28 0 0.6 0.31 0 0.8 1.01 0.1 1.7 0.90 0.5 17 
aVF 0.86 0.1 1.4 0.79 0.1 1.9 0.18 0 0.8 0.19 0 1.0 
vil 1.48 0.5 3.0 1.33 0.5 2.6 0.88 0 3.0 0.75 0.1 1.8 
v2 1.55 0.6 3.5 1.43 0.7 2.8 1321 0.2 Pay | 1.01 0.3 17 
V3 1.56 0.6 2.6 1.41 0.5 23 1.81 0.4 3.6 1.40 0.7 2.6 
V4 1.36 0.3 2:5 132 0.4 2.6 1.84 1.0 2.8 1.39 0.7 2.2 
15 0.79 0.2 23 0.92 0.1 2.0 1.47 0.6 2.5 1.24 0.4 2.4 
V6 0.51 0.1 Bey 0.63 0.1 ey 0.86 0.2 1.8 0.75 0.3 1.8 
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Fig. 8. Amplitude of T wave in all recordings on 
the first and seventh day. 


as stated by Grewin (1948). The deviations 
in extremity leads never exceeded 0.1 mV. 
In the precordial leads there was as a rule 
a depression in V1-4, observed from the 
second or third day onwards, which never 
exceeded 0.3 mV. 


T Wave 


Th amplitude of the wave was meas- 
ured n relation to the TP segment, at the 


lowe rate. There were measurable dif- 
ferer es only with extreme variations of 
the te, and the differences never ex- 
ceed | 0.1 mV. In Fig. 8 the mean, mini- 
mun ind maximum amplitude of all leads 


are 


ported, comparing the first and se- 
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venth day. The differences between the 
first and the seventh day in leads I, II, 
aVR, V1, V2, V5, V6 are highly signifi- 
cant (P <0.001 for each). This evolution 
of the T wave changes during the first 
week is well known and our results ar 
essentially in accordance with earlier find- 
ings. 
U Wave 


A U wave was identified in about 4 of 
the cases. It never exceeded 0.2 mV in 
amplitude and was as a rule detectable 
only with difficulty. The wave was not 
constantly occurring during a recording 
period. 

Q-T Interval 


This measurement was sometimes com- 
plicated, owing to the U wave and the 
low T waves, and was performed accord- 
ing to Lepeschkin & Surawics (1952). The 
corrected Q—T interval (K in Bazett’s for- 
mula) was in seven cases prolonged on the 
first day and in all cases within normal 
limits on the seventh day. When the Q-T 
ratio according to Goldberger (1948) and 
the Q-T time according to Ljung (1949) 
were calculated, it was found that the 
same seven cases with these methods also 
had a prolonged Q-T time on the first 
day and were all normalized on the se- 
venth day. 


Comments 


There are several findings in the electro- 
cardiogram of the newborn, which at 
other ages should be called pathological, 
that must be considered to fall within 
normal limits. The most important of 
these findings are: Highly varying rates 
during short time-periods, with values as 
low as 70 and as high as 200 per minute. 
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Supraventricular arrhythmias. P—R inter- 
vals as short as 0.07 seconds. High R 
waves over the right heart, and deep S 
waves over the left heart. Extremely low 
T waves in standard extremity leads and 
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waves in lead V6. Prolonged Q-T inte ‘vals 
during the first days. 

It is of extreme importance to <ceep 
these facts in mind, when judging a case 
of suspect congenital heart disease, inyo. 


carditis, hypothyroidism or electrolyte 
disturbances. 


augmented unipolar extremity leads. Posi- 
tive T waves in lead V1 and negative T 


Summary 


An electrocardiographic study was performed on 56 healthy children during their first 
week of life. Recordings were made repeatedly on every child using a long recording 
time. Leads I, II, III, aVR, aVL, aVF, V1, V2, V3, V4, V5, V6 were recorded. 

Extreme fluctuations of the heart rate, a high frequency of sinus arrhythmia and 
supraventricular arrhythmia, signs of right ventricular hypertrophy, extremely low T 
waves with significant T wave changes during the first week and in some cases prolonged 


Q-T intervals were observed. 


My thanks are due to A. Gyllenswiird, M. D., for advice and criticism. 
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Motions of the Pharynx Associated with Initial Aeration 


of the Lungs of the Newborn Infant’ 


by JAMES F. BOSMA?, JOHN LIND and N. GENTZ? 


As a part of a continuing study of initia- 
tion of respiration in the newborn infant, 
observations have been made of motions 
in the mouth, pharynx and larynx area by 
rapid sequential radiography. This region 
is found to be active prior to initiation of 
respiration and, in association with this 
event, a distinctive sequence of enlarge- 
ment and diminution of the cavity of the 
pharynx has been noted. These pharyngeal 
area motions are distinguishable from 
swallowing of air into the esophagus and 
essentially resemble the distinctive glos- 
sopharyngeal inflation of the lung, similar 
to that described in poliomyelitis patients 
having severe motor respiratory deficiency 
and who have learned “frog breathing”’. 
More recently, repetitive glossopharyngeal 
inflation of the lung has been observed as 
an immediate sequel of paroxysmal pha- 
tyngeal and laryngeal closure (1). 


Methods 


Ir the analysis of motions in the area of 


nation we have employed a Schénander AOT 
changer capable of 6 exposures per second 
with exposure factors of 70-78 kV 200 ma 
0.02 second. 

The changer was placed at the foot of the 
labour bed and the mother was delivered in 
the supine position with her perineum at the 
end of the bed, so that the infant was in fact 
delivered direct on to the flat surface of the 
serial device. The newborn infant was placed 
upon its side and roentgen exposures were 
made at intervals of one half, one third or 
one sixth second beginning with the initial 
position time of place of the infant and 
continuing until respiration was visibly estab- 
lished. The roentgen ray was centered at the 
mid-thorax. 

The possibility of excessive radiation of 
the infant was carefully considered and cer- 
tain safeguards were employed. 

The examinations were carried out with 
careful coning of the primary beam, and as 
far as possible the infant’s gonads were 
shielded with lead rubber corresponding to 
2 mm of lead. 

Measurements carried out by the Radio- 
fysiska Institutet, Stockholm (Radiophysics 
Institute), during the procedure gave the 
following skin doses. 

Total dose 


0.6 


Schénander 24 x 30 em films 
15 exposures —560 Mr 
30 exposures —1120 Mr 


' his work has been supported by the Association for the Aid of Crippled Children, New York, 


the » harynx and of the rapid aeration of the 
lung fields at birth, high speed roentgeno- 
gray ic technique is essential. In our exami- 
US 


E ofessor of Pediatrics, University of Utah College of Medicine, Salt Lake City, Utah. 


ourth-year medical student. 
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The films obtained were compared visually conclusive, as the pharynx was not ob-Fig. 
and from selected films the pertinent struc-  gerved to be entirely occluded. In th: re. oa 

per 


tures were then traced upon transparent 
paper, using a consistent color key. These 
tracings could then be overlaid for evalua- 
tion of motions of small magnitude or of 
complex interrelations of motions. Intensity 
amplification of strategic items of the radio- 
graphs was accomplished by photographic 
means or by utilization of an electronic type 
of intensity amplification. 


Subjects 


The infants under study in this project 
were born at term of normal pregnancy and 
delivery accomplished with minimal mater- 
nal sedation. The infants examined in this 
series were those who had not obviously 
respired while emerging from the perineum. 


Observations 


This report is concerned primarily with 
the initial inflation of the lung and, ac- 
cordingly, is restricted to eight cases, of 
the total of eleven roentgen series attempt- 
ed, in whom initial inflation of the lung 


maining one of the eight, initial inflaticn o! 
the lung occurred without significant v ria. 
tion in pharynx diameters. 

The distention phase of this sequence 
was the more variable in schedule ani 
extent. It was identified by diminution ix 
the interspace between the air-out!ined 
posterior wall of the pharynx and the cer. 
vical vertebrae, by the breadth of the 
vallecular cleft between tongue and epi 
glottis, and by the relative position of the’ 
hyoid bone, as an indicator of the general 
position and motions of the ventral wall 
of the pharynx. 

The occlusion of the pharynx was the 
more striking and the more significant. It 
was clearly distinctive from motions pref 
ceding the first air inflation of the lung 
or succeeding this (in three infants the 
roentgen observations were continued for 
more than 10 seconds following the a 
breath). The initiation of occlusion of the 


was obtained and the radiographs were 
technically satisfactory. In five of the 
eight there was a successive distention and 


pharynx and larynx is in pattern identical 

with that of the “‘swallow’’ motions of| on 
glossopharyngeal breathing (1) in that} posit 
there is a preliminary cephalad and dorsal 
displacement of the tongue toward palate.f ope 


compression of the pharynx in coincidence 
with this initial inflation of the lung. An 


example of this is given in figure 1. In In two infants there is discernible a further} abri 
four of these five the first inflation of the gradation in a cephalo-caudal sequene of | tion 
lung was found in coincidence with disten- closure of the pharynx, with last trac:s of | fol 
tion of the pharynx. In one of these five, air discernible in the mesopharynx andj this 
this first inflation was seen with abrupt laryngeal vestibule. At this stage, the} tion 


trachea may be in undulating contour vithf F 
a relatively broad antero-posterior dia-f pha 
meter. At final occlusion the cavity o the} init 
pharynx and the vestibule of larynx are} a \ 
obliterated entirely, the hyoid is a_ its} gra’ 
maximal elevation and the trache if ap 
straightened. In none of these studies was} pre 
air seen in the cervical esophagus. Re-| vat 


total closure of the pharynx. 

In one of the eight infants of the series, 
this study was terminated on the film 
showing the first inflation of the lung, thus 
no observation of a distention—compres- 
sion sequence of the pharynx could be 
observed. In one of this series the disten- 
tion—compression of the pharynx was in- 


— 
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not ob.Fig. '. Infant F. N., female infant, weight 3250 grams, length 50 cm, delivered at end of normal 
jabor Infant free of anomaly or apparent neurological impairment. Roentgenograms obtained at 


1 th: re 8 per second, These examples are of successive radiographs. 
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dorsal 
a late.f opening of the pharynx and larynx occurs pharynx. In one infant the pharynx was 
urther! abruptly, without distinguishable grada- twice filled and emptied actively in eight 
nee of| tions and, though expiration apparently seconds and, after it was filled the third 
cs of} follows promptly upon this re-opening, time, there was abrupt opisthotonic mo- 
; and|j this is not associated with notable disten- tions with distention of the pharynx and 
the§ tion of pharynx. inflation of the lung. In the succeeding 
r vith Prior to these motions of the mouth— two seconds there was return to previous 
lia-— pharynx—larynx area in association with head-neck alignment coincident with pro- 
» the} init’:l air inflation of the lung, there were gressive cephalo-caudal occlusion of the 
are} a v.riety of tongue motions, usually of pharynx. 
i its gra‘ ation from a ventral protrusion with A particular effort was made to discern 
> is a p inted tip to dorsal-cephalic extension the abrupt opening and closing of the 
: wasf’ pre ionitory to swallow. These are in mouth described as a “snapping” by 
~ var :ble coincidence with air-filling of the Schmidt (3) and by Ahlfeld (1888). This 
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16. Initial air filling of the pharynx. 


lc. Air now outlines the entire oral cavity and the epipharynx and mesopharynx. 


was seen in one subject but, in the others, 
the maxillary-mandible relations were es- 
sentially unchanged. The motions of open- 
ing and closing of the mouth or of exten- 
sion at the neck observed in this series 
were associated with filling of the pharynx 
rather than inflation of the lung. 


Discussion 

These observations by radiographs ob- 
tained at half- or third-second intervals 
give incomplete demonstration of the par- 
ticipation of the mouth, pharynx, and 
Jarynx in initial air inflation of the lungs. 
The performances of this region are charac- 
teristically rapid and complex. Their thor- 
ough evaluation depends upon cinefluoro- 


graphy and other rapid radiographic meth- 
ods. And continuous recordings of jres- 
sure and flow are required for elucidation 
of the physical effects of the motor per-/ 
formances of this series of valved cavities. 

It is apparent from these radiographic 
observations, however, that the who'!e of 
the respiratory pathway is involved in 


initial air inflation of the lung and that) 


this inflation does not occur after a pc riod! 
of motor immobility but against a })ick- 
ground of organized performances o' the 
pharyngeal region. And in the serial 1: «lio- 
graphs of one subject the successive alt- 
filling of the pharynx itself appeared 1 » be’ 
an active process. 

The pharyngeal distention—compre: io 
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17. The posterior portion of the tongue and the palate have moved dorso-cephalad and the tongue, 
palate, and posterior pharyngeal wall are in proximity. The hyoid has moved ventrad. The mandible 
is essentially unchanged in position. Increase in intrapharyngeal pressure is indicated by diminution 
of the retropharyngeal space. Air is present in the lung. 

t] lv. The hyoid and mandible have moved slightly cephalad. The tongue, palate, and wall of the 
netn- epipharynx are in tight closure. The posterior wall of the epipharynx is displaced farther ventrad 
pres. than that of the mesopharynx. Air is present in the larynx and trachea (indicated by curved arrows). 

bie The diaphragm is further depressed and the epigastrium protruded. 
atlo 
‘ities, sequence seen in five newborns at the time which is the more constant and distinctive 
»phic of first air inflation of the lung, is clearly element of these motions, prevents egress 
eof distinguishable from these preliminary of air from the lung and may thus facili- 
{ in’ motions of the tongue and pharynx and __ tate further distribution of air within the 
that} als. from lesser motions of this region as- lung with increase in intrathoracic pres- 
criod! soc-ated with later respiration. The mo- _ sure, prior to the impending expiration. 
ick- tio’ 's are also distinguishable from those of The sequential motions of distention and 
theh a compression of the pharynx are similar to 
lio- he specific physiological contribution those seen in glossopharyngeal respiration 
air- Of hese pharynx area motions to initial or ‘frog breathing’ of respiratory-defi- 
in‘ \tion of the lung can only be inferred cient poliomyelitis patients. Similar mo- 
fr. 1 these preliminary observations. It is tions have been seen following focal pha- 


ion ay arent that the pharynx-larynx closure, ryngeal seizures in an infant (1). From this 
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similarity it is suggested that the tongue 
and pharynx may actively inflate the lung. 
If so, this is probably supplementary to 
an immediately preceding thoracic inspira- 
tion, for both the lung and pharynx are 
found to be inflated abruptly in three of 
the subjects under study (see Fig. 1). 
Such a glossopharyngeal “breath” occur- 
ring exclusively or as a supplement to 
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thoracic inspiration would be strategi: in 
accomplishing an instant of maximal ni- 
tial pressure by which to overcome ‘he | 
cohesive force and other elements limi‘ ing | 
primary expansion of the lung. This would 
thus be a physiological prototype of the 
“puff” methods of initiation of inflation 
of the lungs (2, 4). 


Summary 


In five of eight subjects satisfactorily observed by successive radiographs within 
the immediate newborn period, the initial air inflation of the lung was found to be 
associated with a sequential distention and compression of the pharynx cavity. It 


is acknowledged that these observations are preliminary and incomplete. But a si- 


milarity is recognized to the glossopharyngeal breathing reported in respiratory-defi- 
cient poliomyelitic subjects and also a part of patterns of manifestation of focal sei- 


zures in the pharynx area of an infant. 
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From the Department of Pediatrics, Linképing Hospital, Linképing, Sweden 


Limitation of Movement of the Hip Joints in New-born Infants 
Following Breech Presentation 


by GILLIS HERLITZ 


After frank breech presentations, in 
which the legs are extended and lie against 
the abdomen and thorax, a characteristic 
defect of movement of the hips is common, 
and may persist for several weeks or even 
longer. This type of breech presentation is 
the commonest of the usual forms. In the 
complete breech, the hip and knee joints 
are in extreme flexion, and the feet are 
born at about the same moment as the 
breech. This type of presentation may 
also be followed by limitation of move- 
ment of the hips, but apparently less com- 
monly than the breech with extended legs. 

The defect of movement becomes evi- 
dent during the first days of life, asa 
characteristic attitude of the legs, which 
will often at a single glance indicate that 
the child was born by the breech. This sign 


seems to have been observed by many 
ex} rienced midwives, but I have been 
uns ble to find any description of it in 
curent text-books of obstetrics or in the 
pac liatrie literature. A brief account of 
the phenomenon therefore seems to be 


jus ified. 

hen the infant is lying supine, the 
will typically be flexed at an angle 
of 5-60°, with only slight abduction and 


external rotation. The knees are flexed at 
an angle of about 135°, and the angle at 
the ankle is roughly similar. See Figs. 1 
and 2. The normal position of the legs in the 
new-born is as follows. The hips are more 
markedly flexed, abducted, and externally 
rotated, and the knees are flexed, so that 
the legs and feet are crossed. Tests of 
passive movement of the hips in infants 
with the defect above described show that 
rotation, flexion, and especially abduc- 
tion and extension are greatly impaired. 
Flexion at the knee and ankle joints is 
also limited. The limitation of movement 
diminishes gradually during the course of 
the next few days, but the impairment of 
abduction and flexion of the hips may 
persist for several weeks. In one of my 
cases obvious limitation of extension and 
abduction was still demonstrable in both 
hips, even after three months, but this 
later disappeared. 

Radiography of the hip joints, which I 
have had done in 13 typical cases, will 
sometimes reveal distension of the joint 
capsule. No increase in the fluid of the 
knee joint has been demonstrable. No dis- 
location or subluxation of the hip was 
present in any of the cases, and no trau- 
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Fig. 1. A, B. The abnormal attitude of the legs described. C, D, The normal position of the legs in the 
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B 


D 


new-born. 


matic separation of the upper femoral epi- 
physis. This last-named injury is said 
sometimes to occur during complete breech 
extraction owing to violent traction on the 
thigh, together with rotation and marked 
abduction (Ehrenfest), and the clinical 
picture is closely reminiscent of that in 


congenital dislocation of the hip, which is 
not caused by trauma. 

It is clear that the abnormal attitude of 
the legs and limitations of movement ce- 
scribed reflect the position of the legs during 
birth, and are a direct result of this. In 


frank breech presentations the obstetrician | 


Fig. 2. New-born girl with the abnormal attitude of the legs described. 
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LIMITATION OF HIP-JOINT MOVEMENT AFTER BREECH PRESENTATION 


somtimes has to insert one index finger 
and apply traction on the groin, and 


- then, when the breech is born, continues 


traction downwards and forwards with the 
other index finger in the gluteal fold, the 
trunk subsequently being directed upwards 
towards the mother’s abdomen. A blunt 
hook is seldom applied in the case of a 
living child, and was not employed in any 
of those above-named. It is of course pos- 
sible that digital traction on the groin may 
have contributed to the distension of the 
joint capsule observed in some of the cases, 
but it cannot have been of any great im- 


| portance in causing the abnormal attitude 
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of the legs and limitation of movement of 
the hips. The characteristic limitation of 
movement was present even in those cases 
of frank breech which were delivered 
without interference. 

Investigation of a series of about 40 
cases of frank breech revealed that the 
incidence of limitation of movement as 
described is commoner than it might be 
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believed. About half of the cases showed 
striking, typical malposition of the legs, 
and in a further quarter of the series limi- 
tation of passive extension and abduc- 
tion at the hip joints (the latter tested 
with the infant lying supine and the thigh 
at a right angle to the horizontal plane) 
was easily demonstrable during the first 
few days of life. 

The clinical significance of the abnor- 
mality is that it may be interpreted as a 
spastic state, congenital dislocation, or a 
more serious birth injury. Treatment will 
generally be unnecessary, but the nursing 
staff should be instructed to exercise care 
in handling the child, especially when 
changing napkins and clothes, and to 
place the child on its side in the cot, as 
the weight of the bedclothes may exert 
undue pressure on the legs, thus damaging 
the hip joints which are temporarily im- 
mobilized owing to increase in intra-artic- 
ular fluid, swelling of the joint capsule, 
and peri-articular oedema. 


Summary 


A description is made of a common, characteristic defect of movement of the hip 


joints during the neonatal period and the next few weeks, following breech presentation. 
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From the Department of Pediatrics, Kronprinsessan Lovisas Barnsjukhus, and the Dep :rt- 
ment of Renal Diseases, S:t Eriks sjukhus, Stockholm 


Renal Biopsy in Children 


by C. G. BERGSTRAND and H. BUCHT 


Renal biopsy has in recent in years 
developed into a method of great value in 
the study of renal diseases. It makes it 
possible to correlate the clinical and labo- 
ratory findings with the actual patho- 
logical status of the kidney and may in 
selected cases be an important diagnostic 
and prognostic aid. 

Renal biopsy has been used relatively 
infrequently in children. This is probably 
due to the fact that the method is supposed 
to demand a certain cooperation on the 
part of the patient, which at least in smal- 
ler children is not always easily obtained. 

The purpose of this paper is to present 
the technique of renal biopsy as practised 
at Kronprinsessan Lovisas Hospital for 
Sick Children. 

The method is essentially the same as 
that used in adults for several years by 
Bucht. It has been described in detail by 
Kark & Muerhcke (1954). 

Before biopsy a radiogram is taken to 
determine the position of the kidneys. The 
patient should preferably be in the prone 
position but this is not absolutely neces- 
sary. Radiograms taken with the patient 
on his back have been proven to give a 
correct localisation. It is perhaps more 
essential that the radiogram should not be 
taken in deep inspiration or exspiration. 


The day before the biopsy a blood count 
including thrombocytes is made. Clotting 
time, bleeding time, the Quick index and 
the patient’s blood group are determined. 

Thirty minutes before the biopsy the 
patient is given morphine-scopolamine 
subcutaneously. In older children it is 
then quite possible to make the biopsy 
under local anesthesia but in younger or 
nervous children a short general anesthe- 
sia is preferable. The patient is placed in 
the prone position with a hard cushion 
under the abdomen on a low table. The 


lower part of the kidney is generally cho- 
sen for the biopsy, and the place on the 
skin, where the needle is to be inserted, 
is determined from measurements taken| 
from the radiogram as described by Kark 
& Muerhcke (1954). Experience has pro- 
ved that it is quite possible to control 
the position of the needle from the move: 
ments made by the kidney with respira- 
tion even when the patient is under gene- 
ral anesthesia. The characteristic swin;’ing 
of the needle is, however, admittedly ea- 
sier to observe, when the patient is aw ike 
and can be told to breath deeply. 

The biopsy is made with the same ne: dle 
used in adults (Vim—Silverman needl« as 
modified by Franklin). It is essential t 1at| 
the needle is fitted with the “he ls”) 
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RENAL BIOPSY IN CHILDREN 


described by Franklin to get a satisfactory 
specimen. 

After the biopsy, which usually is per- 
formed in the morning, pulse and blood 
pressure are controlled every second hour 
three to four times. 

Renal biopsy has been made in 17 pa- 
tients 4 to 16 years old. The clinical diag- 
noses are given in the table. No severe 
complications have been observed. The 
haematuria which follows a renal biopsy 
has usually been microscopic and of a few 
days duration. In one patient a more 
massive bleeding was observed for a few 
days but the patient did not need blood 
transfusion or special treatment. When 
haematuria existed before the biopsy, an 
increased number of red cells could be seen 
in the sediment. 

In all patients it has been possible to 
obtain a satisfactory specimen of renal 
tissue for histological examination. In one 
patient, however, the biopsy was not suc- 
cessful the first time but was repeated a 
week later with good results. In some 
cases a part of the specimen has been 
examined by electron microscope. These 
studies will be published later in collabo- 
ration with A. Bergstrand. In one case 
of suspected pyelonephritis a culture was 
made from the specimen. The result was 
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TABLE 1. Diagnosis and number of patients 
subjected to renal biopsy. 


Diagnosis No. of patients 
Haematuria of unknown origin 3 
Atypical acute glomerulo- 

nephritis 6 
“Purpura nephritis” 4 
Nephrotic syndrome 1 


Miscellaneous cases with 
suspected renal disease 3 


Total number of patients in 


negative and the general impression 
from our experiences with adults is that 
renal biopsy specimens seldom give posi- 
tive cultures even in advanced cases of 
pyelonephritis. 

The relatively small number of children 
who have been subjected to renal biopsy 
does not allow of too wide conclusions 
being drawn regarding the practical value 
of the method in this age group. The 
experience has, however, so far been en- 
couraging. In several cases, where the 
clinical diagnosis could not be definitely 
established, valuable information has been 
obtained by histological examination. It 
has been possible to confirm a suspected 
clinical diagnosis or to exclude more severe 
renal lesions. 


Summary 


The technique of renal biopsy in children is described and the clinical value of the 


met od is pointed out. 
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From the Pediatric Clinic of Karolinska Institutet at Karolinska Sjukhuset, Stockhol:1 


Some Physical Measurements (Weight, Length, Head Circumfererice 
and Chest Circumference) in Healthy Swedish Children in the First 
Two Years of Life’ 


by PETTER KARLBERG and ALICE PERMAN 


Weight and anathropological measure- 
ments have been considered valuable fac- 
tors in the judgement of growth and de- 
velopment of children. However, there are 
few standards of physical measurements 
available for children up to 2 years of age 
in Sweden. 

The first publication in this field, now 
mainly of historical interest, is V. O. Pe- 
terson’s (6) report on a follow-up study 
of the weight in 13 infants during the first 
10-11 months of life. Héjer (4) in 1925 
published standards for weight during the 
first year of life, derived from data ob- 
tained from children’s welfare clinics in a 
suburban district of Stockholm and col- 
lected during the years 1920-1924. v. 
Sydow (9) in 1941 published an extensive 
study of the weight of healthy breast-fed 
infants during the first year of life, born 
in Gothenburg during the years 1927- 
1937. He showed the influence of birth 
weight on the physical growth. Broman, 
Dahlberg & Lichtenstein (1) in 1942 gave 
standards of weight and height in Swedish 
children aged 1-20 years, measured during 
the years 1938-1939. These standards are 


those most often used for older children in 
Sweden. However, the data from the see. 
ond year of life were divided into two | 
groups only, with the class middle of 15 
and 21 months and the numbers of cases 
in these groups fairly small. 

The aim of the present investigation is 
to give standards of weight, length, head 
circumference and chest circumference in 
Swedish children during the first two years | 
of life, derived from the same material. 


Material and Methods 


The measurements were made in iwo, 
periods, March-October 1950 and January- ! 
March 1952. During the first period we 
tried to measure the children close to an 
exact age in terms of whole months, from 
1-12 months. For children more than ne 
year of age, we concentrated the measure- 


ments in children aged 15, 18, 21 and i 


months. However, sometimes we inclu led | 
children in the ages between. Some chilc ren 
were measured several times, but mosi of 
them only once. 

The survey was continued in 1952 a ter 
an interval of about one year. One ree :on 
was to increase the material and anoi er 
was to get the birth months of the case. in 


1 The study was made possible by a grant from Stille-Werner Co, Stockholm. 
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TABLE 1. Sampling. 


hol:a 
Rejected cases according to 
medical or improper examina- 
Recruited cases social reasons tion date Analysed cases 
Study period... 1950 1952 1950 1952 1950 1952 1950 1952 Total 
‘erice Boys 357 492 15 30 12 91 330 371 701 
Girls 335 473 16 30 11 91 308 352 660 
Total 692 965 31 60 23 182 638 723 1361 


First 
| 


each age group well spread throughout the 
year. During this time each child was mea- 
sured only once, but children with less strict 
limits regarding the age group were included. 
The survey was concluded when we estimated 


were performed on those who met the require- 
ments of being inside the limits of +7 days 
for an exact month. All older children were 
measured as they visited the welfare clinics 
at larger intervals. Otherwise there was no 


oe | having recruited 50 boys and 50 girls in each _ specific selection. 
i poten group from 1-12 months, and at In this way we recruited 787 boys and 
» tWO' least the same number at every 3-month 726 girls, see Table 1. In order to increase 
of 15 interval in the ages over one year. the number of children in the age group 1-2 
cases! The measurements were made at nine wel- years, 62 boys and 82 girls in day nurseries 
fare clinics in the southern suburbs of Stock- were measured during 1950. 
(Hokaréngen: west, east, north, south; 
— Enskede: east, west, south; Johanneshov: Measurements 
east, west). The residential areas in these 
ce in welfare clinic districts developed during All measurements were taken by one per- 
years! 1946-1951, and mostly consisted of modern ‘80M, & well-trained and experienced public 
ad: apartment houses, including some one-family health nurse, the same on both occasions. 
houses. Some of these apartment houses were The techniques of measurements were tested 
constructed rapidly and not too well, as an With the authors before the collection of 
emergency housing measure. Because these data was started. 
‘aie districts included a large variety of housing For the weight mmaearemenne we used the 
_ | conditions, a wide range of economic stand- same basket scale (periodically checked), for 
ca _ ards was included in this study. The popu- distance measurements a flexible, narrow- 
“*| lation in these areas consisted in the main Width steal tape was used. 
a - of young families most of whom had moved The following measurements were made: 
se from cither the center of Stockholm or from Weight. All children were weighed naked 
ape. | Tura! areas. The ratio between these groups to the — 10 grams. 
} 94 | 88 about one to one. All different social Length. The recumbent length wan mee- 
saul ) grou;s were represented in this population. sured in all children. The child — lying 
| 91°. of all children under one year of age 0n @ table with its short end against the 
ren wall. The head of the child touched the 
sii wall, both legs were streched out and the 
Seursdtnent feet were resting against a movable wood 
ee panel, angled perpendicular to the table 
Ps C! Idren visiting the welfare clinics at the surface and parallel to the wall. The distance 


of the survey were measured. If a 
number of children fell in the age 
up to one year, the measurements 


tim 
larg 
gro 
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between the wall and the panel was mea- 
sured. In children who could walk and stand 
erect, the standing height was measured. 
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The child leaned against the wall and the 
same measuring panel was used, now in 
right angle in relation to the wall. 193 such 
measurements were performed. 

Head circumference. This was taken at 
the maximum circumference, with the tape 
passing round the occipital and frontal areas 
and held perpendicular to the mid-sagittal 
plane. 

Chest circumference. This was taken at the 
nipple level. 

During 1950 nine 
were made: the circumference of neck, waist, 
hip, upper arm, thigh and ankle; and the 
length of the trunk, arm and leg. These 
measurements will not be presented in this 


paper. 


more measurements 


Sampling of the recruited children 


Only data of healthy children were plan- 
ned to be analyzed for these standards. 
About six months after each concluded ob- 
servation period the thoroughly kept records 
from the welfare clinics were examined, giv- 
ing us a longitudinal follow up. We elimi- 
nated all children with evidence of acute or 
chronic disease during the observation pe- 
riod, as well as children with suspected inade- 
quate nutritional states and inappropriate 
social environment. Children were also elim- 
inated if both parents were not born in 
Sweden. If the total number of children 
measured, 45 boys and 46 girls were elimi- 
nated for medical or social reasons, as shown 
in Table 1. 

In the age groups 1-8 months those chil- 
dren were selected who were examined 
within +7 days to a whole month. Thus 103 
boys and 102 girls were sorted out (see 
Table 1). As the influence of the variation 
in the age within an age group decreases 
with increasing age, no such selection was 
made after 9 months of age, i.e. a variation 
of +15 days was accepted. 

The total number of children from which 
data will be presented in this paper were 
1361 (701 boys and 660 girls). 

A selection regarding the birth weight 
was not made. In the 481 children measured 
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before 9 months of age, the birth we'ght 


was distributed as follows: 


Birth weight in kg: 


Mate: 
<2 2.00-2.49 2.50-4.49 4.50-4.99 
No. of 
Number of cases: Age ir 
0 7 469 5  _ montt 
» 
Results: 
4 


The results have been grouped in rela- 5 
tion to age. Table 2 shows the frequency 
of measurements in each month group for 8 
boys and girls in the material from both 
1950 and 1952. The number of longitudinal 7m 
data from 1952 is also presented. The sig-} 
nificance of a difference between the two i4 
materials (1950 and 1952) has been tested 15 
by the t-test (7) using a calculated mean j7 


with the mean error in each group for = 
both sexes for the four body measure- 94) 
ments respectively. Very few of all the  ?! 
pairs of corresponding means showed a 93 
significant difference and the difference 
did not show any systematical trend. Tot 
Thus the two materials were mixed and 
have been treated as one. 
The mean and standard deviation (S. D.) 

of length, weight, head circumference «nd mont 
chest circumference have been calculated tive 

separately for boys and girls in each age of se 
group in the mixed material given in (see ' 
Table 3. From 1-12 months, each month cally 

has been used as an age group. Afte: 12) 
months, class intervals of 3 months |.ave ped 


been used, as the growth velocity de: ‘ea- of | 


ses with increasing age. As 15, 18 an 21 seci 
months were selected as class middle, «ata mo 
from 13, 23 and 24 months of age ere inc!» 
excluded. Data from the two last gr. ups  eac 
could not represent an age group © 24 Wei 

5 cur! 


months, as there were no values fc 29 
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weight TABLE 2. Age and sex distributions. 
Boys Girls 
Material... 1950 1952 1950 + 1952 1950 1952. 1950+ 1952 
5.00 
”) No. of cases... 330 100 371 701 308 78 352 660 
Age in Cross-sect. Longit. Cross-sect. Total no. Cross-sect. Longit. Cross-sect. Total no. 
9 months data data data of data data data data of data 
] 33 11 44 25 36 
2 if 23 23 53 7 20 26 53 
3 18 19 11 48 15 19 15 49 
4 5 26 18 49 6 21 18 45 
rela- 5 6 27 15 48 13 21 16 50 
on 20 22 8 50 18 22 22 62 
7 9 | 14 44 6 20 19 52 
ip for 8 15 16 17 48 10 18 14 42 
both 9 28 18 34 80 17 18 25 54 
1: 10 9 22 26 57 1] 18 27 56 
dinal 4) 17 22 24 63 7 15 15 37 
esig) 12 22 22 22 66 20 10 24 54 
“ 13 16 6 16 38 1] — 18 
> two 14 4 l 16 21 1] — 9 20 
ested) 15 21 17 46/86 22 13 36/81 
16 8 i9) 14 — KE 25) 
mean 17 14 — 18 32) 14 oo 10 24 
tel 1s 25 2 14 41/95 19 2 9 30/78 
19 9 — 13 29) 9 — 15 24) 
sure- 20 9 l 10 20 13 = 8 21 
| the 2] 8 l 9 18 14 2 13 29,70 
22 5 — 12 17 10 — 10 20) 
ed a9 9 en 5 14 10 = 9 19 
“ence 24 13 — 7 20 12 1 6 19 
rend. Total 330 204 371 952 308 215 352 875 
and 
‘.D.) 
ind months. In each age group for the respec- each length group have been tested by 
ated tive body measurements the significance the t-test, see Table 4. These sex differ- 
age of sex difference is tested by the t-test ences of the length groups are of a much 


in (see Table 3). The boys show systemati- 


nth cally significant higher values. 

12, Tne collected data have also been grou- 
ive ped in relation to length in a class interval 
ea- of § em. In this analysis only the cross- 
2] sect onal data were used to avoid having 
ita mo: than one data for each individual 
ere incl ded in the same length group. For 
ips eac’ of the three body measurements— 
24 ~wei Ot, head circumference, and chest cir- 
25 cur ‘erence—the sex differences within 


smaller magnitude than in the age groups, 
and the significance of the differences is 
definitely less frequent. Thus the data of 
the boys and girls are mixed and the means 
and §. D.’s of the three body measure- 
ments are given (in Table 4) for each length 
group. The difference between recumbent 
length and standing height was calcula- 
ted in 193 cases. The mean difference was 
1.5 em with a S.D. of +1.9 em (mean 
error +0.13 cm). 
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TABLE 4. Weight, head circumference and chest circumference 
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in relation 


to length and sex. 


— 


Head circumference Chest circumference 


Length groups in cm Weight in kg in em in cm 

Interval Sex Sex Sex 

classes Sex? No. diff.? Mean S.D. diff.? Mean §.D. diff.? Mean S.D. 

B 

cu. 

00-349 B 70 3.84 0.38 374 11-011 35.6 1.3 

50-59.9 B 91 -0.08 4.87 0.55 0.00 39.2 13 -007 382 17 

600-649 118 -0.20* 6.20 0.60 +044 414 14 -032 40.8 1.6 

65.0-69.9 180 +0.12* 7.62 0.77 +045 438 13 +027 438 1.9 
G 100 

074.9 B16 073 +0.13** 9.15 685 +0.50" 46.0 1.5 +0.28 2.0 

50-79.9 152 977 +£0.01 10.49 0.86 + 0.86** 47.6 14 48.6 1.9 

80.0-84.9 226 +0.03 11.71 0.92 +0.99** 48.7 13 +1.25** 49.8 2.0 

9 
85.0-89.9 112 +0.03 12.87 0.94 +1.01** 49.4 12 +1.05* 51.0 1.9 
90.0-94.9 — (13.55) (0.84) — (49.7) (1.0) — (51.6) (2.0) 


B=boys; G = girls. 


» Sex difference = (mean of boys— mean of girls). The probability of the two means samples be- 
longing to the same group is marked * when between 0.05-0.01 and marked ** when <0.01. 


Comments 


The sample from which the collected 
are drawn represents healthy Swed- 
hildren living in modern districts 
‘ating from a population moved in 
urban and rural areas. The data are 
minantly cross-sectional. The longi- 
al data have only been used for the 
‘ouping. Within each group, the data 
me case is only presented once. 

T © mean values presented for weight 
‘ngth in the different age groups are 
ically compared (Figs. 1 and 2) with 


ish 

origi 
fron 
pred 
tudi 


age 


gra) 


similar values from earlier investigations. 
There is a good conformity with v. Sydow’s 
(9) values for weight in children with a 
birth weight of 3.0-3.5 kg, representing 
the first 12 months of life. Height measure- 
ments were not presented in his survey. 
However, within the overlapping age 
range (15 and 21 months) the material 
of Broman, Dahlberg & Lichtenstein (1) 
shows higher values, especially in weight. 
The differences are more marked in the 
age group of 15 months than those of 21 
months. Compared with two American 


— 
| 
| 
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Investigation of 
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x --- x London 
4 A—A Paris 
O——D Zirich 
] Age 
0 3 6 9 12 15 18 21 24 27 30 months 34 


Fig. 1. Boys. A graphical comparison of standards of length and weight obtained from studies in 
boys (investigations of v. Sydow (9), Broman, Dahlberg & Lichtenstein (1), Boston (8), Iowa (5), 
London (2), Paris (3), Zurich (3)). 


(5, 8), one English (2), one French (3), 
and one Swiss (3) investigations, our 
values show a good general agreement 
throughout the whole age range. However, 
the Iowa study shows a tendency to higher 
figures but is clearly in better agreement 
with our studies than the one of Broman, 
Dahlberg & Lichtenstein. The reason for 
the high values in the latter may be the 
relatively small numbers of their cases in 
the two lowest age groups, 15 and 21 
months (32 and 37 boys respectively, and 
38 and 33 girls respectively). Each age 


group has also a wider range, 6 months, 
than those of our study, 3 months. 

In judging a child’s growth, the hody 
height in relation to age is used primacrily. 
Since this relationship is normally dis 


tributed, the use of the mean and S. 1). i) 


adequate. In judging the nutritional : tate 
of a child, the weight is often corre] ited 
to the age. However, a tall, slim indivi luai 


can weigh as much as a short, fat on, 


the weight also reflects the height. Th 
judgement of the nutritional state wil 
therefore be more adequate when thi 
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Length 
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Girls 
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Fig. 2. Girls. A graphical comparison of standards of length and weight obtained from studies in girls 
(investigations of v. Sydow (9), Broman, Dahlberg & Lichtenstein (1), Boston (8), Iowa (5), London 
(2), Paris (3), Zurich (3)). 


weight is correlated to height. The sex 
differences also diminish. 

This relationship does not show any 
clear trend to asymmetrical distribution 
in this material as plotted, while the rela- 
tion-hip weight/age shows this trend to 


som: extent. However, even in the ana- 
lysi. of this relationship, mean and S.D., 
and not percentiles, have been calculated 
bee: use this study was primarily perfor- 


mec in order to complete the standard 
‘s of Broman, Dahlberg & Lichten- 
ste: (1), and these are given in means and 


val 


S.D.’s. It is shown that the standing height 
is shorter than the recumbent length and 
this is in conformity with other investiga- 
tions (2). 

The head circumference and the chest 
circumference represent two prominent 
body dimensions and they are also related 
to age. If in the judgement of separate 
cases we wish to decrease the influence of 
individual velocity of growth, the relation 
to another body measurement is adequate. 
For the head circumference the height is 
more adequate than the weight, and the 
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inflience of rapid nutritional changes is 
thus avoided. Also the chest circumference 
is related to body height. Using these re- 
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lationships there are decreased sex dif- 
ferences in both circumference measure- 
ments. 


Summary 


Weight (naked), recumbent length, head circumference and chest circumference 
have been measured in 1361 healthy Swedish children (701 boys and 660 girls) 
within the age range of 1 to 24 months. The children were born in the period 1948- 
1951 and their parents came from both urban and rural populations and lived in 
modern areas of Stockholm. 

Means and standard deviations of the four body measurements are given for 
different ages. With the material grouped according to age there are significant sys- 
tematical sex differences, hence the means and the Standard deviations are given 
separately for boys and girls. When grouped in length classes, the weight, head cir- 
cumference and chest circumference show less marked sex differences, so means and 


standard deviations are given together for boys and girls. 
A graphical comparison with some earlier investigations in Sweden and other 


countries is presented. 


Our data indicate that in clinically evaluating the growth of a child, the length 
should be correlated to age, and the weight correlated to length. Head circumference 
and chest circumference should also be correlated to another body measurement. 


We are grateful to Miss Zita Olsson, R.N., who performed the measurements faithfully 
during the two periods of study. Our thanks are also due to the nurses of the welfare 


clinic whose co-operation was invaluable. 


Appendix: A Swedish Growth Chart 


| (With the collaboration of STEN IaGBom) 


A combination of the standards pres- 
ented for ages up to 2 years and the 
standards of Broman, Dahlberg & Lich- 
tenstein for the ages 1-20 years now gives 
the opportunity to judge physical growth 
and development in Swedish children re- 
gard:ng height and weight from 1 month 
up to adolescence. In order to simplify 
the use of these standards in the judge- 
men: of individual cases, a Growth Chart 
has »een worked out, see Fig. 3. 

T e chart was constructed to contain 
the ollowing conditions: Height in rela- 


tion to age; weight in relation to height; 
separate values for boys and girls in the 
age groups with systematic significant sex 
differences of clinical importance; head 
circumference in relation to height range 
of the first two years of life; the variations 
around each mean in 95 % confidence inter- 
val; the same chart applicable for both 
boys and girls, at least covering the pre- 
school ages. 

Comments: The 95 % confidence interval 
around each mean (i.e. approximately 
+2 8.D.) was selected because the limits 
representing 2.5% probability of belong- 
ing to a normal population are considered 
to be clinically most useful. By using a 
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99% confidence interval (i.e. approxi- are connected with a smoothed curv: inf Fro: 
mately +2.58.D.), 0.5% probability limits order to simplify the interpolation be.}°% > 
will be obtained and these have been con- tween values. The age scale through wi ichf __ 
sidered to be too large for clinical appli- the chart is entered, is placed to the ri::ht, 
cation. The differences between the two as a convenience for right-handed pers. )ns, 
standards within the overlapping age pe- The chart has been used in the records 
riod (15-21 months) have been smoothed _ of the pediatric clinic at Karolinska Sjuk. 
out, giving the Karlberg—Perman stan- huset during the last 3 years and has licen 
dards more credulance. Logarithmic found quite useful. 
scales have been used in order to cover Summary: A Swedish Growth Chart 
appropriately a wide age range in the is presented, predominantly designed for 
same chart. The contiguous means and_ the evaluation of preschool children. 
also the contiguous 95 % confidence limits 
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The Intravenous Administration of Species-specific Milk 


Some Experiments on Animals 


by OLOF MELLANDER, GERDA NILSSON and STURE HEDENSTEDT 


The direct intravenous administration 
of non species-specific proteins is not as a 
rule possible owing to the antigenic quali- 
ties of these substances, the use of species- 
and group-specific blood plasma having 
therefore been necessary. The readily avail- 
able source of protein, which milk con- 
stitutes, does not seem to have been used 
in intravenous nutrition, however, but 
there are several reasons justifying detailed 
experiments with species-specific milk for 
this purpose. Thus it has quite recently 
been shown (Hansson & Johansson) that 
several proteins in human milk are im- 
munologically identical with proteins oc- 
curring in blood serum: one of the proteins 
present in milk corresponds to the serum 
albumin; and the same seems to be true 
also of other electrophoretic fractions such 
as the y-globulin. Experiments carried out 
r do not exclude the possibility that 


so f 


identity can exist between other blood 
and milk protein fractions. The most 
chai acteristic protein of the milk, casein, 
sho\'s relatively weak antigenic proper- 


and casein from the milk of different 
spe cannot be distinguished in experi- 
mei‘s on sensitized guinea-pigs, although 


ties 


there are very pronounced chemical and 
biochemical differences. Species-specific 
milk proteins have not shown any anti- 
genic properties in experiments performed 
so far. There is reason to assume (Mellan- 
der, 1947, 1955) that the proteins in milk 
can be utilized without having undergone 
complete hydrolysis. In hydrolysis experi- 
ments performed in vivo and in vitro, the 
proteins of human milk have shown 
a striking resistance to proteolytic en- 
zymes. The existence of trypsin inhibitors 
in both bovine and human colostrum must 
also act as a check on intestinal hydro- 
lysis. There are, then, several factors in- 
dicating that at least some of the protein 
substances of milk are absorbed in the gut 
in a more or less unchanged state, at any 
rate during the first period of life. There is 
therefore the intriguing possibility of 
using species-specific proteins when the 
need arises for introducing proteins intra- 
venously for purpose of nutrition. In addi- 
tion milk contains other valuable nutrients 
such as carbohydrates and fat. Of these, 
fat might constitute a source of trouble 
but, as our preliminary experiments have 
shown, even whole milk can be given 


> richt, 
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intravenously to calves without detri- 
mental effect. 

The purpose of our experiments car- 
ried out so far has been to investigate the 
ability of the animal to tolerate the intra- 
venous administration of species-specific 
milk. The risk of sensitization was assessed 
by repeated injection of milk in the same 
animal. The animals were kept under cli- 
nical observation, and the temperature and 
respiratory and pulse rates were recorded. 
Other tests, including electrophoresis and 
determinations of blood cholesterol, blood 
sugar, and blood calcium were made. 


Material and Methods 


All our experiments were performed on 
young calves, and ordinary cow’s milk was 
used. The milk was usually injected into the 
jugular vein either rapidly or as a drip. The 
milk was collected under conditions as aseptic 
as possible, and in most cases was given quite 
untreated (in some experiments it was sub- 
jected to some form of pasteurization). Experi- 
ments have up to the present been carried out 
on 6 different calves which together have 
received 24 intravenous infusions of milk. The 
amount of milk infused on each occasion 
varied between 50 ml and 1 litre [sic]. A 
complete account is given below of two of the 
experiments in which the blood analyses men- 
tioned above were carried out. Some data of 
the other experiments are given in Table 2. 


Calf 1 

This calf was given in all 4 intravenous 
infusions of milk. Cow’s milk collected asepti- 
cally from an animal other than the mother 
was used. The milk was not treated in any 
way. The first experiment was carried out 
when the calf was two days old, when 60 ml 
of milk was injected rapidly into the jugular 
vein. No side reactions whatsoever were ob- 
served. The next experiment was made when 
the calf was four days old, when it was given 120 
ml of milk in the same way, again quite 
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without side reactions. In the next experin 
when the calf was 12 days old 220 ml 
given. There were no side reactions. The ‘ast 
experiment on this calf was performed at the 
age of 32 days, 500 ml being given by intra. 
venous infusion over a period of 21 minutes. 
In this experiment there was a slight increase 
in the respiratory rate, and during the fol- 
lowing hour the calf was rather sluggish. 

The animal continued to progress normiilly, 
A 20-ml blood sample was taken after every 
infusion. Electrophoresis revealed that despite 
a milk admixture of 10-15% in the blood, 
the only divergence from the normal electro- 
phoretic pattern was a slight increase in the 
y-globulin fraction. This must mean either 
that milk proteins disappear very quickly 
from the blood-stream, or else that an interac- 
tion takes place between serum proteins and 
milk proteins resulting in non-separable 
complexes. Certain preliminary experiments 
favour the latter alternative. 


Calf 2 


This calf was given the first injection at the 
age of 12 days. 500 ml was given in the course 
of 55 minutes. As before, the milk was col- 
lected under aseptic conditions, but was sub- 
sequently kept in a refrigerator for 24 hours. 
During the introduction of the milk the respi- 
ratory rate was slightly raised, and the animal 
was rather sluggish for the next hour or so 
after the completion of the experiment. Next 
day the calf appeared to be quite normal. 
During this experiment estimations were 
made of the blood sugar, total blood protein, 
blood cholesterol, and blood calcium. These 
figures are given in Table 1. 

The second experiment on this calf was 
carried out when the animal was 16 days old. 
This time 450 ml of milk was given over a 
period of 65 minutes. On this occasion the 
side-reactions were more marked than in the 
earlier experiments. The respiratory rate was 
temporarily markedly increased, and the 1ni- 
mal’s general condition after the experin ent 
was not quite normal. The total protein nd 
blood sugar were again traced and sho ved 
changes largely similar to these in the re- 
vious experiment. The third experiment on 
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TABLE lI. 
Time, min. after com- Milk injected Blood sugar, Protein Cholesterol, Ca, mg 
mencement of injection ml mg per 100 ml % mg per 100 ml per 100 ml 
35 300 218 4.9 85 10.4 
55 200 408 6.0 100 20.5 
90 363 6.2 85 16.5 
115 309 4.4 90 14.8 
135 303 4.4 90 — 
Control sample before 
‘| injection 0 127 5.1 85 11.5 


this calf was carried out to elucidate the 
effect of heating the milk before infusion. 
Aseptically drawn milk was therefore heated 
to 85°C for 5 minutes, a very drastic measure. 
This milk was injected by the same method 
as before, but’ when 150 ml had been ad- 
ministered the calf died. This experiment 
suggests that such rough treatment of the 
milk as was carried out results in changes 
which make it useless for intravenous nutri- 
tion. Subsequent experiments have shown 
that carefully performed heat treatment of 
the milk is associated with no side-effects.1 

In Table 2 the results of some further 
experiments are summarized. Complete chem- 
ical data with regard to blood analyses are 
not yet to hand for these experiments. 


TABLE 2. 


Amount of 


Calf Agein milk given 
no. days ml Side reactions 
3 1 100 Tachypnoea 
3 2 200 None 
4 35 50 None 
4 43 100 None 
4 48 200 Slight sluggishness 
4 52 300 Slight sluggishness 
and tachypnoea 
4 57 300 Sluggishness, 
tachypnoea 
4 61 300 None 
6 2 800 None 
6 3 1100 None 
6 + 1000 None 


In the first experiment, calf 3 received 
colostrum from its own dam. In all the other 
experiments mature milk from a cow other 
than the mother was given. In those cases 
where the temperature was measured in con- 
nection with the infusions a temporary rise 
of 4-1°C for about 1 hour was noted. 


Discussion and Conclusions 


As shown by the experiments it is 
possible, without producing serious side 
reactions, to give large volumes of whole 
milk intravenously to calves. Taking into 
consideration that the weight of the ani- 
mals varied between 30 and 90 kg, the 
amount of milk administered was con- 
siderable, and in certain cases amounted 
to at least 25 % of the blood volume. It is 
of special interest that the natural fat 
emulsion of milk can be given intraven- 
ously without producing fat emboli. In the 
experiment in which the calf died, the fat 
emulsion had been changed by heating. 
In no case were there any signs of protein 
sensitization. This was indeed scarcely to 
be expected, as cow’s milk was used. The 
experiments are being continued to eluci- 
date to what extent the proteins of milk 
can be metabolized without first passing 
through the alimentary canal. 


* Calf no. 5 was successfully given milk treated in different ways. All details of this experiment 


will |» published later. 
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SESSION II 
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G. ENGLESON, G. Rootu and S. Ss6sTEDT, Sweden: Treatment 
of Premature Infants with 15% Oxygen. 
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G. ENGLESON, Sweden. 


F, BENSON and O. CELANDER, Sweden: Respirator Treatment 
of Pulmonary Insufficiency in the Newborn. 


Discussion: S. JAyKKA, Finland. 


Lars ENGstTrOM and BiORN IvEMARK, Sweden: Infection 
of the Fetus during Labor. 


Axe LunpBerG, Sweden: Paroxysmal Atrial Tachycardia 
and Atrial Flutter in the Neonatal Period. 
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Discussion: P. PLum, Denmark 
G. CHRISTIANSSON, Sweden 
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JAN WINBERG, Sweden: Renal Concentration Capacity during 
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K. V. PARKKULAINEN, Finland: On the Prognosis of Urinary 
Tract Infection in Childhood. 


Discussion: P. W. Brastrup, Denmark. 


Knup WILKEN-JENSEN, Denmark: Nocturnal Bedwetting; 
An Attempt to Treat School Children with Banthine and 
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Discussion: A. BieERING, Denmark 

. Rinvix, Norway 

Pium, Denmark 

W. Brastrup, Denmark 
. HALLGREN, Sweden 
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A Rediscovered Etiological Factor in Idiopathic Hypo 
glycaemia in Children. 
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Epilepsy in Children. A Clinical and Roentgenological Study. 
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PRESIDENTIAL ADDRESS 
C.-E. 


Honoured representatives of the State, Helsinki University, the Town of 
Helsinki, honoured invited guests, Honorary Members of the Nordic Pediatric 
Association, ladies and gentlemen, colleagues and friends... 

It is with great pleasure that I bid you welcome to the XIIth Nordic Pediatric 
Congress. This greeting is extended to you, Scandinavian pediatricians with 
vour wives and families, not only from the warm hearts of Finnish colleagues, 
it is extended to you from the whole Finnish nation. The year which has gone 
has left memories which bring the children of the North closer to each other, 
and the pediatricians of the North have had and have as a consequence an 
important mission to fulfil. Our work and our activity are reflected in the 
vrowing health and fitness of the race. The community needs, to a continuously 
increased degree, advice in technical knowledge, and thus these our regular 
Nordic congresses are important. Our Nordic communities are built upon a 
common culture, our geographical situation characterizes our problem, for 
centuries bonds of friendship and kinship have united our peoples. This is 
reason enough for us to meet, discuss our problems, get to know one another, 
revive memories, formulate plans for future cooperation, and pass on to coming 
senerations what we have obtained from the generations who have left our 
circle. 

Since we last met in Oslo, the following colleagues have passed away: Pro- 
fessor YNGvE AKERREN, the First Professor in Pediatrics in Gothenburg: 
a good teacher and doctor, an enthusiastic research worker, who with experience 
and knowledge took a personal standpoint in discussions on experimental 
and clinical results. He was a good administrator and hospital director. Within 
the Nordic Pediatric Association, his friendly nature and his contribution 
to prophylactic care of children during the new-born period will not be forgotten 
or a long time to come. 

Dr. SvEN RupBer«, practising pediatrician in Stockholm, was well-liked, 

ut the needs of others before personal considerations, and was a good colleague. 

Professor ARMAS RUOTSALAINEN, one of Finland’s first pediatricians, was a 

‘an who had been the teacher of our oldest surviving Finnish colleagues at 

ie Children’s Clinic in Helsinki. We remember his distinguished and considerate 

iture, and his special interest in the people’s medical methods of earlier days. 
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Docent Kari RAFAEL Kyrk1, one of the first and best known pediatricia: s 
of Turku, with a special interest in children’s tuberculosis. 

Doctor Usko IMMANUEL Muroma, a highly appreciated pediatrician in He - 
sinki, where he worked with the Child Welfare Committee and as a schol 
doctor. 

Let us with a moment’s silence honour those who have passed on. 

The moment we call »now» is short, and our thoughts speed from memori:s 
of what has been, and from the strivings of past generations, to duties towaris 
the generations to come, and the formulation of future plans. 

The Nordic Congress in Pediatrics, which I have today the honour of openiny, 
is the twelfth in order of the congresses which have been held since 191°, 
that is to say during nearly forty years. The first Pediatric Congress in the Nori) 
was convened in Denmark, where the thought of Nordic collaboration originate«| 
five hundred years ago. At the venerable University of Uppsala, in the centre of 
the Nordic cultural circle, scientific pediatrics was born two centuries ago. 
This gives us Nordic pediatricians the duty of common continued efforts. 

Before the first world war, there arose the thought, first of all on the part 
of Carl Looft in Bergen, that Nordic pediatrics should be developed by meaus 
of combined congresses, and through a mutual Nordic Pediatric Association. 
In order to get a clearer picture of the early history of our meetings, I wrote 
this spring to Professor WiLHELM WERNSTEDT, now 85 years of age. His rep|\ 
was very comprehensive, and from it I quote the following: 

»Fortunately, I can provide an answer to your question, as I was one of 
those --- indeed the only one now living —- who was involved from the be- 
ginning. 

The actual one to give the initiative was Cart Loorr in Bergen. Almost 4) 
years ago to the day —- the 4th March 1913 -- I (WeERNsTEDT) had a letter 
from him, in which, amongst other things he said that at the Nordic Congres 
for Internal Medicine in Bergen, in 1911, he had spoken with Biocu of the 
possibilities of building a Nordic pediatric association in connection with thes 
congresses». 

And further..... »In 1913, accordingly, in Lund, there was a meeting « 
Loort, Fr6LIcH, Monrap and the undersigned (WERNSTEDT). We were a 
in agreement that something should now be done to break us pediatrici fre 
from the authority of internal medicine. And then came the war.» 

And, in addition . . »It is possible that my memory is at fault in one or tw: 
details of what I have quoted above. But so much is absolutely certain, tha 
Loorr was the actual originator in the building of the Nordic Pediatric Associa 
tion, and that he, Fro_icH, Monrap, ADOLF MEYER, LOVEGREN and th 
undersigned (WERNSTEDT) constituted the first association to accomplis! 
the object.» 
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With this, the beginning was made, and I have in brief wanted to touch upon 
the early history of our congresses, as soon it will be a half century since the 
initiative was taken. 

The war finished in 1918 swept away a period of time which had begun with 
the French Revolution, and which was characterized by national strivings. 
In pediatrics, this time was the beginning of what we now call the social wel- 
fare of children and clinical pediatrics. The overshadowing problems were 
then connected with nutrition and infectious diseases, which occasioned mass 
mortality and which prevented growth of the population despite a very high 
birthrate. Since then, the picture has changed completely. Infectious diseases 
and starvation as causes of death have amongst us practically disappeared, 
since it has been shown that in large population groups this problem can be 
solved through a raised standard of living and education. The field of activity 
in our special branch, pediatrics, has simultaneously been broadened. We 
must nowadays establish contacts, which are essential for the development 
of pediatrics, with all medical specialities, sciences, and with social research, 
to a continuously expanding extent. The pediatrician should cooperate with 
the theoretical research worker, but at the same time participate in the practical 
development of the community. At this Congress, there will be discussed some 
of the problems which confront us. Perinatal mortality, a problem which cannot 
in any way be attacked without increased cooperation with the obstetrician — 
the problem of growth, which demands augmented contacts with sociology, 
genetic and theoretical sciences — the significance of the anatomic structure 
in functional disturbances will be discussed at this Congress in connection with 
urination troubles. This last named illness demands intensified cooperation 
with surgery, in which a new, special domain, that of infant surgery, is being 
developed. Pediatrics will become to a greater and greater extent a cooperation 
between highly specialised experts. The question of increased contacts between 
specialists in internal medicine is becoming increasingly topical, as many of the 
problems we face, since pediatrics has grown to its present form, are identical. 
Already, there is the University, in which medical problems relating to the 
ave of childhood are dealt with in a special faculty. 

The problem which confronts us increases in importance with our increased 
knowledge, it demands increased contacts with other cultural circles as well as 
an increased and more intensive cooperation between Nordic colleagues. I hope 
that everybody will get along well in this way, and will feel the time spent 
together as of importance for coming tasks: and I wish that the personal contact 
wiil forge links between Nordic colleagues which will bring us all nearer one 
another. I have the honour to declare the 12th Nordic Pediatric Congress open. 

Before we leave this hall and begin our work, I also have the honour to convey 
to the Town of Helsinki our warmest thanks for the reception we have had. 
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I hope that the Congress will give its approval to the following proposals 
of the Board: 

1) That the Congress sends a telegram of greetings to Mrs. ALLI PAAsIkiv1, 
widow of our late President. Mrs Paasikivi has continuously shown the greatest 


interest in our work. 
2) That the Congress sends a telegram of greetings to Mrs Karin Akern ix, 


3) With us, we have our highly respected Honorary Members Dr Cart 
FRIDERISCHEN and Archiater ARvo Yipp6. The Board suggests that we send 
telegrams of greetings to the absent Professor ar KLERCKER, Lund, Professor 
THORLING, Uppsala, Professor WERNsTEDT and Professor WALLGREN, Stock- 
holm, as well as to Dr ArrHuR CoLLetT, Norway. 

The Board proposes the following five Vice-Presidents for this Congress: 
Dr CARL FRIDERICHSEN, Professor StuRE Stwe, Professor LEIF SALOMONSEN, 
Professor Bo VAHLQuIStT and Professor Totvo SALMI. 
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Perinatal Mortality and its Prophylaxis, Prenatal Factors 


ARNE KAss 


Tonsberg, Norway 


The infant mortality rate has shown a very rapid decrease in this century, 
mainly due to different preventive and therapeutic measures. It is especially 
the later mortality of infants, that is to say death between 2—52 weeks of 
life which has been reduced, whereas it is the early neonatal mortality, namely 
death in the first week of life, which has decreased to a much lesser extent. 

Sweden has the lowest infant mortality in Scandinavia, and also in inter- 
national statistics (1956: 1.73°%), but when one considers early neonatal mortality 
Norway is the best as far as international statistics are concerned (1956: 1.05%). 

The early neonatal and the late foetal mortality are together known as the 
perinatal mortality. Calculated per 1,000 living births, this rate is about 0.3% 
in countries with a high standard of living. 

Since perinatal deaths form a greater proportion of the overall infant 
mortality, there is an increased demand for experimental and clinical investiga- 
tions with the aim of reducing this fraction. Though we cannot draw a sharp 
aetiological distinction between the two forms, we must continue to strive 
towards the greatest possible reduction of these deaths. The aetiology of peri- 
natal death, according to the material under consideration, seems to consist 
of the following factors, which often overlap. 


Premature births. 

‘This condition assumes a very important place in infant mortality, but will 
never give an adequate explanation for intrauterine death, and only rarely the 
complete explanation for neonatal death. Even though exact clinical diagnosis 
and post mortem examinations reduce the frequency of prematurity per se 
as 1 cause of neonatal death, prematurity as a dominating and contributory 
factor will render more difficult the prognosis of any other pathology. 


2. \lalformations of the child. 
“mbryopathy is more often than not of unknown aetiology, and is therefore 
outside the sphere of possible prophylaxis. Newly recognized factors in the first 
trimester causing malformations of the child are as follows: 
Viral infections (small pox vaccination) 
'vradiation injury (mutations) 
ortisone treatment 
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Anoxic conditions (changes in foetal milieu, gynecological diseases.) 
Probable causative factors: Nutritional disorders. Acute or chronic conditions 
of »stress». 


3. Placental conditions. 


Dysfunctions — nutritional disturbances, pre-eclampsia, senile regressive 
changes, abnormalities of the cord — placental insufficiency: Foetal asphyxia, 
pseudo-prematurity, the postmaturity syndrome, foetal maceration. 

Abnormal placental position — maternal haemorrhage, foetal asphyxia. 

Abnormalities, »scars» etc. — foetal haemorrhage, foetal anaemia and 1al- 
nutrition. 


4, Birth trauma. 


Dystocia, prolonged labour, drugs to the mother, hypo-oxygenation of the 
mother — intrauterine foetal asphyxia. 

Trauma during labour, precipitated delivery, artificial delivery — intra 
cranial haemorrhage. 

Foetal malpresentation. Breech. Transverse lie. 


5. Intrauterine infections. 


Lues. 

Protozoal infections (toxoplasmosis). 
Viral infections (congenital hepatitis etc.) 
Bacterial infections (pneumonia). 


6. Iso-immunization of the mother. 


Haemolytic disease of the newborn. 


7. Diseases of the mother. 


Diabetes of the mother — increased frequency of defects and infant 
mortality. 


The greater the degree of prematurity and underdevelopment of the child, 
the greater the contribution will be to the other causative factors mentioued 
above. Premature babies dominate the perinatal statistics, and make up about 
fifty per cent of still-births and neonatal deaths. 

My own observations from Kvinneklinikken, Bergen, from the years 1941- 50 
include 25,500 births, the frequency of prematurity being 4.9%. 41% of all 
still-born babies had a birth weight of less than 2,500 g, and 52% of balies 
who died in the first 7 days of life were also premature. 1,246 children w:th 
a birth weight of less than 2,500 g had a still-birth rate of 15.7%, an early 
neonatal mortality rate of 15.3°,, and altogether a perinatal mortality rate as 
high as 31%. 

Analysis of the available data concerning the biological, health and soc ial 
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conditions of the mother showed the same relationship between the frequency 
of prematurity and the perinatal mortality of the children. 

Mothers between 25 and 29 years of age had the lowest number of premature 
births, and also had the lowest perinatal mortality rate of the babies. The 
increase in the perinatal mortality rate for the youngest mothers is due in 
particular to the increase in the early neonatal mortality, while for the older 
mothers it is due to an increasing still-birth frequency. 

(niparous mothers have the fewest premature infants, and also the lowest 
perinatal mortality of the infants. 

In 51% of cases, mothers giving birth to premature infants had symptoms 
of pre-eclamptic toxaemia. It seemed that as the age of the mothers with 
pre-eclampsia increased, so did the number of premature infants. For mothers 
with premature babies, the incidence of pre-eclampsia increased from 40% 
to 70°, with the increasing age of the mother. Proteinuria and hypertension 
which we diagnosed in pregnant women and women in labour resulted in 18% 
of the babies being born prematurely, and about 8% perinatal mortality. 17,300 
mothers without symptoms of pre-eclampsia during pregnancy or while in 
labour gave birth to infants of whom 3.5% were premature, and only 2.5% 
died perinatally. 

Mothers from the lowest social classes (IV & V) had a higher frequency of 
premature infants (8%), and also the highest perinatal mortality rate of the 
infants. The same relationship was also found for unmarried mothers. 

(he mothers who had regular antenatal care by their doctors had a lesser 
degree of prematurity and infant mortality than did the mothers who had failed 
to attend or who had attended only irregularly. 

Diseases of the mother, haemorrhage during the pregnancy and malforma- 
tion of the child seem to have had a great importance in individual cases, but 
are only of minor importance from the point of view of total mortality. 

One is left with 14,100 deliveries in specially selected cases which do not 
include unmarried mothers, those with disease, haemorrhage or signs of pre- 
eclamptic toxaemia. Once again, one sees in this group the lowest prematurity 
rate amongst mothers between 25—29 years of age, and uniparous mothers. 
Further analysis of the material shows that it is the age rather than the number 
of pregnancies which is of biological importance. 

it is also clearly seen from the figures that abnormal obstetrical circumstances 
such as breech deliveries, twins, precipitated labour and prolonged labour cause 
a Jefinite increase in the mortality rate of the infants. 

in order to diminish the perinatal mortality rate we must direct our prophy- 
lactic measures especially towards prenatal and natal causative factors which 
are already known. We must first of all try to prevent premature births. We 
c asider that we have an effective method in that we can achieve proper antena- 
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tal care, which, in addition to the ordinary medical control, also puts the 
emphasis upon optimal nutrition and hygiene for the mother. The aim must 
be that this control and the possibilities for further care are given in particular 
to those having the highest incidence of premature babies i.e. the unmarricd 
mothers, nulliparous and mothers of the lower social classes. One must take 
every precaution against factors endangering the foetus (malnutrition, viral 
infection, irradiation and »stress» situations of the mother) especially in the 
first trimester. The danger of congenital syphilis and the risk for the child 
with erythroblastosis can be reduced to a minimum by blood investigations 
of the mothers and further necessary means. Obstetrical help has to be of an 
expert nature in order to eliminate the risk of birth trauma and asphyxia 
neonatorum, often brought about by poor assistance being given to the mother, 
or uncritical medication being provided. 

If our prophylactic measures are going to become better and more efficient, 
it is necessary that the causative factors must be found to as great an extent 
as is possible. In order to increase our knowledge of prenatal causative factors 
of perinatal mortality, it is necessary to take exact histories from the mothers 
of the dead infants. One must further seek to determine the exact cause of 
death in still-birth and early neonatal deaths, and it is also important to aim 
at reliable and uniform statistics and material for further scientific work. 

The accomplishment of this important medical task is of a hygienic and 
obstetric nature; the pediatrician has also an important part to play in that he 
endeavours to find the causative factors and treat the newly born infants adc- 
quately in order to reduce the effects of the prenatal injuries. 


Perinatal Mortality and its Prophylaxis: Postnatal Factors 


GUNNAR ENGLESON 
Lund, Sweden 


The concept »perinatal mortality» has been used increasingly during the las! 
few years. It refers to the number of stillborn and neonatal deaths per 1,009 
births (i.e. both liveborn and stillborn children). 

The increase in the average length of life observed in most countries can be 
ascribed, as is well known, to a considerable extent to the appreciable decrease 
in infant mortality. Low infant mortality is especially noteworthy in the 
Nordic countries. It has been found, however, that the drop in infant mortalit 
coincides predominantly with a certain period in the first year of life, viz 
from the 2nd month of life, i.e. after the end of the neonatal period. Mortalit’ 
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wiihin the neonatal period and especially within what is called the early neo- 
naial period, corresponding approximately to the first week of life, is still 
relatively high. At all events, the decrease in mortality is considerably smaller 
in this early period. 

The aim of introducing the concept perinatal mortality has been among 
other things the intention to analyse the different factors that influence this 
still relatively high early mortality. 

As regards prophylactic measures against perinatal mortality, it is obvious 
that the role of the pediatrician is confined essentially to liveborn children. 
Prophylactic measures for stillborn babies, the frequency of which is roughly 
comparable to the frequency of neonatal deaths, concern primarily the obste- 
trician. 

In discussing the role of postnatal factors in perinatal mortality we can more 
or less strictly define what is implied by postnatal factors. Strictly taken post- 
natal reasons can be limited to cover a condition of purely postnatal origin. 
Accepting this, the question is almost exclusively one of infections of postnatal 
occurrence, hemorrhagic disease of the newborn, atelectases, hyaline membranes, 
etc. As far as incidence is concerned, conditions of this type account for only 
some 15 per cent of total perinatal mortality and thus comprise no dominant 
factor. A pediatrician may, however, be considered entitled to extend the 
concept of postnatal factors, especially since both prophylactically and thera- 
peutically the role of the pediatrician covers a number of other conditions 
which occur after the birth of the baby irrespective of whether they are pri- 
marily related to other factors affecting perinatal mortality. 

Only a number of preliminary facts can be mentioned in the present survey. 
Certain complications which occur during the mother’s pregnancy and during 
parturition itself are known of old as possible causes of the death of the baby 
during the neonatal period. Suffice it to mention here factors such as toxemia 
of pregnancy, Rh-incompatibility, Cesarean section, forceps delivery and labour 
protracted in some way or another. In large series these factors account for 
around 20—22 per cent of perinatal mortality. 

Prematurity per se naturally constitutes an important factor for perinatal 
mortality, but it is often also a cause, together with other factors, e.g. toxemia, 
Rh-immunisation, contributing to reduce the newborn baby’s chances of sur- 
vival. 

Postmaturity and prolonged pregnancy are often confused, and the role of 
these conditions in perinatal mortality is at present attracting great interest. 

'o avoid misunderstandings, it should be emphasized that prolonged preg- 
nancy means only pregnancy exceeding the normal duration, while postmaturity 
(dvsmaturity) or placental dysfunction is a special condition in the newborn. 
C: \eForp, who has studied these conditions, is of the opinion that postmaturity 
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plays as great a role as prematurity in perinatal mortality. The speaker reported 
his own investigations in this field. 

Congenital malformations, which cannot be considered primarily to belong 
to the postnatal factors, account for a certain percentage, c. 7—8, of the total 
perinatal mortality. 

Only a few data will be mentioned here regarding prophylactic measures, 


i.e. the possibilities of reducing perinatal mortality, with special attention to the | 


role of the pediatrician. 

As stated above, the pediatrician enters the scene principally during the 
period after the baby’s birth. Many pediatricians are familiar with the measures 
taken during this time. They may be regarded as consisting chiefly of early 
examinations upon the birth of the child, prophylaxis against infections, K viia- 
min therapy, care of premature and postmature children and similar measures. 
Every maternity ward must have access to immediate pediatric expert 
knowledge. This applies specifically to complicated deliveries of various types, 
Rh-immunisations, maternal diabetes, etc., viz. conditions which are known 
to play a major role in perinatal mortality. 

The pediatrician must also be able to advise the obstetrician in different 
conditions complicating pregnancy. 

The lecture was illustrated by statistical data on the share of the different 
factors in perinatal mortality. 


Perinatal Mortality and its Prophylaxis 


Arvo YLPPO 
Helsinki, Finland 


The marriage advice centre can be regarded as the first stage in our endeavours 
to reduce perinatal mortality. The work must be focussed primarily on 
hereditary-hygienic problems and not merely on birth control. 

Maternity counselling, if it covers all classes of society and the pregnan:y 
as a whole, is of great importance. This is evident in our country where te 
Act on Maternity Centres took effect in 1944. Congenital lues has disappear: ( 
almost completely, the number of premature babies has dropped from eig!:t 
to five per cent of all births and to 4 per cent of live births. The number »f 
stillbirths has diminished during the same period from 2.2 to 1.8 per cent. 

There is a direct relationship between complications during delivery am‘ 
antenatal mortality. Various intrauterine infections, both of bacterial and 
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viral origin, contribute more often than is realised to antenatal mortality. 
Congenital pneumonia, for instance, is no rare condition. 

i:xpert care during the very first minutes after delivery may save a baby’s 
liie. This applies first and foremost to the treatment of babies in a state of 
suspended animation accompanied by respiratory disturbances. Special demands 
are made not only on the physician, the obstetrician, but also on the entire 
assisting staff. 

ior instance, the greater the knowledge of midwives about children and the 
care of children —a special course in children’s nursing is desirable — the 
better will she be able to help and nurse the child throughout the perinatal 


period. 


The Cause of Death in Premature Infants 


AASE SKOGRAND 


Oslo, Norway 


As was mentioned in the introductory lectures, premature infants dominate 
in the perinatal mortality statistics. Until adequate methods to prevent 
premature births have been found, attention must be directed toward the 
factors, in addition to the prematurity itself, that are responsible for the high 
mortality rate. On careful autopsy of the prematures it appears that pathological 
lesions which can explain the occurrence of death are present in the great 
majority of the cases. Only a very few remain for whom the prematurity itself 
niust be accepted as the sole cause of death, and especially in the weight-group 
under 1,000 gms. 

\ study of the premature material from the Pediatric Clinic in Oslo for the 
four year period 1954-1957 showed the following distribution among the various 
weight-groups: <1,000 gms: 18 cases, 1001-1500 gms: 113 cases, 1,501—2,000 
ems: 162 cases, 2,001—2,500 gms: 63 cases, i.e. a total of 356 cases. The mortality 
rate was 34%. Within the various weight-groups the mortality was: 78%, 
5%, 20% respectively, and 25% in the heaviest weightgroup. These values 
are not directly comparable with the mortality percentage reported by other 
pediatric clinics. A great variation in the mortality rate in the different statis- 
tics is ascribable to several factors. The statistics have been compiled at different 
times, the age of the infants on admittance to the clinic may vary, some having 
heen born at home or in out-of-town hospitals, and another important factor 
is the distribution among the various weight-groups. The present series shows 
« remarkably high mortality rate for the two heaviest weight-groups. This is 
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due to the fact that of the larger prematures, only those with some ailment 
or other are admitted to the Pediatric Department. Of the premature babies 
born in the Obstetrical Department of Rikshospitalet, 100° in the weight- 
group under 1,500 gms are transferred to the Pediatric department, 60% in the 
weight-group 1,501—2,000 gms, and only 30% in the weight-group 2,001 
2,500 gms. 

The pathologic-anatomical findings from the autopsies were the following: 
intracranial hemorrhage: 22 cases, pulmonary atelectasis: 22 cases, pulmonary 
atelectasis with hyaline membranes: 43 cases, pneumonia: 14 cases, pulmonary 
hemorrhage: 9 cases, kernicterus: 5 cases, malformations: 2 cases and miscel- 
laneous: 3 cases. 

It should be emphasized that the individual cases usually present various 
pathological lesions, and determination of the direct cause of death must to 
some extent depend on an estimate. The same approximate estimate of the 
findings will evidently occur also in the series from other clinics, which adds to 
the uncertainty in the comparison of the different statistics. 

Further, it should be stressed that pulmonary atelectasis is a purely descriptive 
term, not to be conceived as a specific cause of death. But as this is the only 
pathological finding in these autopsies, it has been considered expedient that 
they should be collected into one group. Nine of the cases belong to the weight- 
group under 1,000 gms, and thus the immaturity itself is the direct cause of 
death. The diagnosis of atelectasis in the heavier weight-groups merely conceals 
the fact that the direct cause of death is unknown. In some of these cases, the 
death is probably due to intrauterine asphyxia and consequent injury to the 
respiratory centre. 

Of the 22 cases of intracranial hemorrhage, the bleeding was intraventricular 
in 14 and subdural in 8. Moderate subarachnoidal bleedings were common 
autopsy findings, but these were taken as secondary to anoxia. 

Pulmonary atelectasis with hyaline membranes represents the largest grou), 
and the majority of these cases died in the course of the first 2 days of life (see 
the table). Massive intraalveolar hemorrhage as the cause of death occurs 
2—-4 days and kernicterus 7—-10 days postnatally (see the table). Of malforma- 
tions there are 2 cases, one of esophagus atresia and one of congenital hear! 
defect. — The group of miscellaneous includes one case of volvulus of the smai! 
intestine, another, intestinal perforation with peritonitis, and one of feta! 
hydrops. 

According to the table, most deaths from pneumonia occur in the course 
of the first 3 days of life, which indicates intrauterine infection. The aspiration 
of major quantities of amniotic fluid occurs — as known —- on intrauterine 
asphyxia. It thus seems reasonable to presume that asphyctic brain injury 
is a contributory cause to the poor prognosis for aspiration pneumonias. 
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No considerable reduction of the mortality rate of the prematures can be 
expected before more is known about the factors — besides immaturity — 
that lead to the occurrence of hyaliné membranes in the lungs and to pulmonary 
and intracranial hemorrhages. Detailed autopsy material will therefore be of 
great importance to continued study in these fields. 


TABLE 1 


2. 4—7 2. 3. 4. |jafter 4. 
day day day | day | week | week | week | week 


Intracranial hemorrhage .... 9 6 3 4 

Atelectasis +hyaline membr. | 20 | 19 | 3 


MISCENANEOUS 


An Endeavour to Reduce Neonatal Mortality through Treatment 
of Threatened Premature Labour with Large Doses of Progesterone 


Fritz Fucus and GEorG STAKEMANN 


Copenhagen, Denmark 


The dominant cause of death in the neonatal period is prematurity. Since the 
medical, social, and nutritional factors known to contribute to premature deliv- 
eries are difficult to evaluate in individual cases and therefore difficult to 
prevent, it would be of immense value to have a substance capable of inhibiting 
uterine contractions. In spite of the evidence of the role of progesterone in the 
hormonal control of pregnancy provided by animal experiments, opinions are 
divided with regard to the effect of progesterone in threatened abortion and 
premature labour. A double-blind controlled study of the effect of large doses of 
progesterone in patients with threatened premature labour has therefore been 
carried out. 

The series included 126 patients, half of whom were treated with progesterone 
in oil intramuscularly in doses of 200 mg daily for 3 days, 150 mg for 2 days, 
and 100 mg as the maintenance dose. The other half of the patients were given 
similar doses of the same oil without progesterone, and not until after the 
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analysis of the series was it disclosed which of the two preparations, labell«d 
A and B, contained progesterone. If the symptoms subsided, treatment wis 
discontinued after a certain period of time. 

The two groups were in close agreement with regard to age distribution, 
previous obstetric history, and symptoms. The results are shown in Table |. 
It is seen that there is no difference between the two groups. Almost equal 
numbers delivered despite treatment, and those for whom delivery was success- 
fully postponed were also equal in numbers. Group B received progesterone, 
Group A inactive oil. 

TABLE 1 


DELIVERY IN RELATION TO TREATMENT IN THE TWO GROUPS, DIVIDED AFTER THE DOMINANT 
INITIAL SYMPTOMS 


Passage of Rhythmic or 


Hemorrhage amniotic constant 
fluid pains 

A B A B A B 

Delivery during treatment 
4 4 6 7 3 2 
1 1 0 1 0 0 
9 10 15 17 3 1 

Delivery after treatment 
2 2 0 0 1 0 
or Tourth WEEK 3 1 0 0 4 3 
19 13 4 4 13 15 


It is concluded that progesterone is not the sorely needed substance whic! 
is able to inhibit uterine contractions in threatened premature labour and 
thereby reduce the neonatal mortality. It is imperative that the search for such 
a substance is continued and intensified. 


German Measles during Pregnancy and Immaturity 


LUNDSTROM 


Stockholm, Sweden 


In connection with a widespread epidemic of German measles in Sweden in 
1951, a prospective study was undertaken to obtain an idea of the incidence of 
damage to the foetus of the type that is caused by German measles in the 
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mother during pregnancy. By questioning c. 100,000 women admitted to 
maiernity hospitals during the period July 1, 1951—-June 30, 1952, data were 
obtained on c.1,000 children whose mothers had suffered from German measles 
during pregnancy. 
study of the birth weight of the children showed that the incidence of 

immature babies (birth weight = 2,500 g) was significantly higher in the 
section of the material with a history of German measles during the first part 
of pregnancy compared with the section showing the disease later during 
pregnancy and a control material selected at random. Congenital developmental 
disturbances, localised principally in the eyes, the auditory organs and the heart 
showed a higher incidence among the immature than among the babies with 
a higher birth weight. 

A comparison was made between the incidence of developmental disturbances 
in the measles material and the control material in relation to immaturity. 

An interesting point in this connection is C. Gyllensward’s study of the in- 
cidence of immaturity in different maternal groups. Gyllensward found a 
relatively high incidence of low birth weights in children of young mothers 
who had moved to large towns from rural districts. As these mothers could be 
expected to be more liable to fall ill from contagious complaints than mothers 
who had grown up in a large town and had e.g. infectious diseases of child- 
hood earlier, it is conceivable that the explanation for the higher incidence of 
immaturity among the children of the rural young women can be ascribed 
to a higher incidence of infection in this material resulting from the greater 
risk of infection present in the towns. 

ihe present observation of immaturity as a sequela of German measles 
during pregnancy is probably not unique for this disease. It could very likely 
be established for other maternal viral diseases provided that a sufficiently large 
material were available for study. 


DISCUSSION 


/.. K, Ahvenainen, Finland. — Data from an autopsy material of 1,247 
newborn infants was presented. (Table 1). Traumatic intracranial hemorrhages 
include subdural hematoma, rupture of the tentorium with hemorrhage and 
fracture of the skull. »Other» includes intraventricular hemorrhage, softening of 
the brain and leptomeningeal (subarachnoid) hemorrhage. The incidence of 
in{sacranial hemorrhages varies in different statistics. This is partly caused by 
variable methods of classification. If leptomeningeal hemorrhages are included 
in ‘he group of anoxia, as is the case in some statistics in the USA, the incidence 
of intracranial hemorrhages is lower than in this table. Other hemorrhages 
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TABLE 1 
DISTRIBUTION OF ANATOMIC CAUSES OF NEONATAL DEATHS, HELSINKI, CHILDREN’S CL.NIC 
1947—1956 


Per cent of total | 
Premature Fullterm 
Intracranial hemorrhage | 
Erythroblastosis without Kernicterus ........ 1 4 | 


are severe pulmonary hemorrhages, adrenal hemorrhages and hemoperitoneum 
due to rupture of the liver. These hemorrhages may according to the personal 
feeling of the pathologist be considered traumatic or as caused by anoxia. 

Congenital malformations are important constituting the largest group. 
The incidence of congenital malformations is greater in this material than what 
‘an be supposed as being present in the whole of Finland, since such cases «are 
concentrated in a teaching hospital with an active surgical ward. 

Infections are more common than are to be seen in the table, since many 
newborn infants with congenital malformations or intracranial bleedings 
succumb on a secondary infection. In the group of pulmonary hyaline membra- 
nes, only such cases are included as those in which the membranes were the 
only autopsy finding. 

In many cases Kernicterus was probably caused by Vitamin K. The incidence 
of this disease has decreased in recent years with the use of smaller doses of 
Vitamin K. 

The anoxia group is smaller than it is in much other material. Only such cases 
are included as those in which clinical facts and autopsy finding made anoxia 
very probable, and no anatomic changes were seen which would have made it 
possible to include the case with some other group. The incidence of anoxia in 
different statistics varies according to those cases which are included. When 
the newborn dies shortly after birth, anoxia is often without doubt an important 
one of the many factors leading to death. That is why there are so many differ- 
ences based on subjective opinion. 

Abnormal pulmonary ventilation has been much employed as a diagnosis {or 
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premture infants. In this group have been included cases with and without 
hyaline membrane, since Potter is of the opinion that the immaturity of the 
lungs is the most important factor in the death of an immature infant. Any 
diagnosis can be used when it is explained clearly, but one wonders whether it 
can |e considered a proven fact that there is no difference between premature 
infantis with and without hyaline membranes. I feel that things are made 
clearer when a differentiation is made between premature infants with and 
without hyaline membranes. For this reason, the prematures without other 
findings are presented in their own group. 


TABLE 2 
PERCENTAGE DISTRIBUTION OF ANATOMIC CAUSES OF NEONATAL DEATHS IN DIFFERENT PERIODS 


1947—49 1950—52 1953—56 
Intracranial hemorrhage 

| Erythroblastosis without Kernicterus ...... 2 2 4 


Table 2 shows the variation in different years. It is to be mentioned that 
infections are still an important factor as a secondary cause of death, in spite 
of their diminished incidence. The number of congenital malformations has 
not increased so much that it could be postulated that this is anything else but 


relative. 


R. Rinvik, Norway. — Rinvik emphasises the importance of postnatal pro- 
phylsxis against infections in combating perinatal mortality. He reports on a 
material in which pyodermia was established in over 35 per cent of the newborn 
in a ‘naternity ward where 3 nurses were staphylococcus carriers. When the 
nurs:s were removed the incidence fell to 11 per cent. 23.3 per cent of the mothers 
had» iastitis during the first period (i.e. when 3 carrier nurses were present); the 
inc nce dropped to 5.6 per cent during the second period. During the first 
peri! the incidence of symptom-free mothers and children was 48 per cent, 
in th latter period 80 per cent of them showed no signs of infection. 

A’ ibiotics have given us a false sense of security. Infection by the hospital 


Stay vlococci is an indication of this. 
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Greater emphasis than before must be laid on prophylaxis against infect ons, 
How this should be performed is a debatable question, either throug}: air 
desinfection of the rooms in one form or another, or through regular, frequ: ntly 
repeated controls of personnel who may be bacillus carriers. We may have to 
become so »radical» as to recommend that the delivery take place at liome 
instead of in hospital. 


J. Lind, Sweden. - 


A. Sundal, Norway. — International comparative statistics on stillborn 
children and deaths in the first week, i.e. on perinatal mortality, depend firstly 
on the legislation prevailing and secondly on the accuracy and reliability with 
which the person assisting at the birth reports the occurrence. 

Norwegian law on the subject is based on an Order in Council of 9th Novem- 
ber, 1901 which states: »Births in which the embryo is born before the end of 
the 4th calendar month of pregnancy are not to be reported.» All births in which 
the embryo is born after the 4th calendar month should be reported to the 
Medical Officer of Health. The limit of 4 calendar months has been taken to 
mean 16 weeks of pregnancy but the duty of midwives and birth assist «nts 


to report to the Medical Officer of Health is not the same as registration to 


the Registrar of Births, Deaths and Marriages. Here the following regulation 
applies: »As liveborn are considered all children showing signs of life after birth, 
whether or not they die immediately afterwards. As stillborn are considered 
children born without life after the 28th week of pregnancy. Children horn 
without life before the end of the 28th week of pregnancy need not be re- 
ported on the register.» 

The regulations are thus clear: All conception products expelled from a 
woman after the 16th week of pregnancy are to be reported — liveborn as well 
as stillborn. But unfortunately some doctors and midwifes erroneously do not 
report exactly: a child born with signs of life for a very short time may be 
reported as a stillbirth. And if very much premature it may also be reported 

erroneously —- as an embryo born before the 16th week of pregnancy. !/ we 
could obtain exact reports of the stillborn group, including birthweight, our 
perinatal mortality figures would be more uniform, as even the smallest live orn 
children (500--1,000 g in weight) which die immediately after birth wou‘: at 
least appear in the statistics of stillborn children, even if they were errone: usly 
registered. 

Dr. Kass’s introductory lecture fully demonstrated the significanc: of 
prematurity in perinatal mortality. According to his investigations on a sele ted 
material from the Maternity Hospital, Bergen, prematurely born children iad 
thirteen times as many stillborn and 26 times as many deaths in the first wee < as 
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chi.dren with a weight at birth of over 2500 g. In a completely representative 
material from a district in Norway with a particularly low infant mortality 
(Bergen 1955) and in which all births were registered, prematurely born children 
showed even more unfavourable figures: 19 times as many stillbirths and 58 
tinies as many deaths in the first week, i.e. a perinatal mortality 28 times as 


larve as that among full-term births. 


P. Karlberg, Sweden. — A few years ago, I made a summary of the available 
official reports on the causes of perinatal mortality in Sweden since the introduc- 
tion into the country of WHO’s International Classification (see Figs. 1 and 2). 

As is shown in Fig. 1, the diagnosis is very uncertain in over one half of the 
still-borns. Fig. 2 shows even less of a certainty for the cases of neonatal deaths. 
That is essentially true for the entire country, but if adequate post-mortem 
examinations had been carried out in all cases, a great number of cases would 


Stillborns, causes of death 


(born in institutions) 


i Casus male definit 


Fetus madpratus non inducata 


1000 —+- | 


> Morin fetus Infectons 
{ Alia causa) 


| 


|; Leesio fetus intra partum 


Casus plac. et funic umbrl 
Partus difficis 
» Morbi et casus grax et partus 
re) 1952 1953 ases with several diagnoses 


ki 1. Number of still-borns in Sweden during the years 1952—_1954. Accumulatively grouped 
by different causes of death according to WHO’s classification 
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Neonatal mortality 
Sweden 
1500 
| 
| Inonatunitas 
1000 Moris male definiti 
| neon. 
| morbi neon. (e toxicos mats! 
| 
700 Leesiones intra part. 
Malformationes 
1952 1953 1954 


Fig. 2. Number of neonatal deaths in Sweden during the years 1951—1954 accumulative! 
grouped by different causes of death according to WHO’s classification. 


have been classified though even then with very uncertain diagnosis. This 
coincides with Dr. Ahvenainen’s opinion as given in the discussion. 

Little further will be gained if we divide up the cases according to the roug! 
obstetric conditions, such as for example prematurity, colour of amniotic fluid, 
the cord around the neck, breech, forceps, section. We know that these cond - 
tions involve an increased risk for the child, but on the other hand is it no! 
unusual that at such a delivery an alert, lively, well-crying child is born. Many 
of the perinatal deaths must include a very complex relationship between t!ic 
various causes involved. 

In my opinion, one way of increasing our knowledge of the causes of perinat::! 
deaths would be a combination of careful clinical observation, obstetric as w:'! 
as pediatric, well correlated with regard to time, and a thorough postmorte'1 
examination. A pilot study following these lines has already been start: ( 
at Karolinska Sjukhuset, Sédra BB and Falu Centrallasarett. This proje t 
is a part of a co-ordinated international perinatal study outlined by WH'?. 


C.-E. Raihad, Finland. — Prematures have more malformations and te 
babies born at term fewer in Lundstrém’s material. Is there something suggesti: 4 


|| 
a 
W 
} 
| C 
p 
4 
} 
| 
l 


37 


a iormalizing induction by normal tissues during a longer intrauterine life 
w. ich affects the availability of malformations for diagnosis (something that in 
soe respects corresponds to a varying expressivity). 


2. Lundstrém, Sweden. — 


‘, Strom, Sweden. — On the question of the significance of social factors for 
prematurity, and with it perinatal mortality, it can be said first, that social 
conditions are on the whole very good in our northern countries and that 
poverty, distress and various stresses hardly have a more marked influence. 
There is, however, another circumstance I should like to mention. In an investi- 
galion conducted in Sweden a few years ago it appeared that mortality of 
the children of unmarried mothers, provided they were born at term, was lower 
than that of children born in wedlock (Thorén). This depends on the fact that the 
unmarried mother is on the whole better off medically, both obstetrically and 
pediatrically, because of her younger age. On the other hand, unmarried 
mothers have a much greater percentage of premature babies, the percentage 
increasing with the degree of prematurity. Hence perinatal mortality is higher 
among the babies of unmarried than of married mothers and this ratio 
between the two categories of children has, as I have shown, become increasingly 
pronounced in Sweden during the last few decades. An artificial factor must be 
involved here; the phenomenon can hardly be explained on biological grounds. 
The question is surely one of induced abortions, and I want to emphasize here 
the importance of taking this into consideration in the assessment of prema- 
turity and perinatal mortality. It is also important not to forget anti-abortion 
work as a significant aspect of our prophylactic work. 
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Circulatory Adaptation at Birth 


F. Apams, P. KAaRLBERG and J. LIND 


Stockholm, Sweden 


Studies of the circulation of the newborn, including pressure measurements 
in the umbilical blood vessels, catheterisation data, determinations of cardiac 
volume, electrocardiograms and phonocardiograms. 


The Lung Function during the First Minutes of Life 


P. KarLBERG and G. Kocu 


Stockholm, Sweden 


(to be published elsewhere) 


Capillary Erection in the Living Lung 


S. JAYKKA, TuoMAS PELTONEN and LEO HIRVONEN 


Turku, Finland 


According to the capillary erection hypothesis, the filling of pulmonary 
capillaries plays an important role in pulmonary physiology. A dead lung 
preparation expands when the liquid pressure in the pulmonary artery is 
increased (Jaéykka 1956). The aim of the present study was to show if similar 
hanges can be observed in living lungs. Changes in the pulmonary circulation 
ere produced by intravenous administration of Indian ink (Sternberg and 
‘amari 1938), and by stressing animals in a revolving drum. Eight rabbits 
nd 54 albino rats were used as the experimental animals. Immediately after 
illing the rats, the lung volume was determined according to the Archimedean 
vrinciple, by weighing the lungs both in water and in air. In the rabbits, the 
lood pressure changes in the right ventricle and aorta were recorded with 
anborn manometers during Indian ink injection. The lungs of the various 
nimals were studied microscopically. 

The lung volume of the Indian-ink treated rats was smallest (2 to 3.8 cc.), 
nd that of animals stressed moderately was greatest (5.5 to 11.8 cc.); the 
ing volume of the control rats was 4 to 5.5 cc. 
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The aortic pressure of the rabbits fell considerably and the right ventricul.:r 


pressure remained unchanged or rose after Indian ink injection. With a mode °- 
ate dose, the blood pressure changes were reversible. 

In the microscopical examination, atelectatic areas, contracted arteries aiid 
corrugated capillaries were found in the Indian-ink treated lungs. The lun:'s 
of the runnings animals were well expanded with opened arteries and filled 
capillaries. 

The findings were explained as being due to a neurovascular function or 
capillary erection. 


The Oxygen Tension of the Amniotic Fluid during Oxygen 
Administration to the Mother * 


SVEN SJOSTEDT, GOstaA Rootu and FrRANcO CALIGARA 


Lund, Sweden 


An analysis of the perinatal deaths at the department of Obstetrics ani 
Gynecology, University Hospital Lund, shows that, in the years 1948 to 1957, 
fiftyfive per cent of the infants died before or during delivery, and 45 per cen| 
after delivery. The cause of death in many of the infants who die after delivery 
is to be found in abnormal praenatal conditions and, according to Cross: 
and MackINTosH (1954), it is only in 12.4 per cent of the infants who di 
in the postnatal period that the cause of death is primarily postnatal. Th: 
true causes of death are unknown in a large number of the cases of perinata! 
death, a fact which is specially true of intrauterine deaths, where the foetuse: 
are macerated. In our hospital this group amounts to 38 per cent of the perinata 
deaths. 

Those infants who die before delivery will, before they have died, have shown 
signs of disease which, if it had been possible to observe and interpret then 
rightly, might perhaps have led to a correct diagnosis and therapy. 

Unfortunately, our means of observing the foetus are very limited. Our 
most important observation, changes in the rate of the foetal heart, is usually 
noted only when the foetus is in acute and serious danger. Methods such as 
foetal ECG, X-ray or transaminase determinations of the mother’s blood or 
maternal urinary pregnandiol excretion all have very limited value. 

In order to try to obtain information from the foetus, we have measure’ 
the oxygen tension of the amniotic fluid. 


* This study has been supported by grants from the Association for the Aid of Cripple: 
Children, New York. 
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Material: A total of 54 cases were analysed. 28 cases were induced abortions 
where the uterus was punctured from the vagina. In 26 cases the mothers were 
near term and the amniotic sac was punctured through the abdominal wall 
or during Caesarean section. 

In 5 cases we inserted a plastic catheter after puncturing the amniotic sac 
and then intermittently drew samples for analyses. 

In the meanwhile the mother was given oxygen, usually with RADNER’s nose 
ratheter (1949). In this case the arterial oxygen tension of the mother rose 
fron 100 mms Hg to 200 or 250 mms Hg. Sometimes the oxygen was given with 
a face piece and then the arterial oxygen tension of the mother rose to 400 
to 600 mms Hg. 

In order to obtain another intra-abdominal oxygen tension for comparison 
ten benign ovarian cysts were punctured. Nine of these were follicular cysts 
and 1 was a lutein cyst. These punctures were all made during laparotomy. 

Technique: The oxygen tension of the amniotic fluid is measured polaro- 
graphically either with the dropping mercury electrode or with the Clark 
electrode, as described earlier by us (Rootu, Ss6stepT & CALIGARA, 1958, 
SsOsTEDT, Rootu & CALIGARA, 1958). At least 2 ml of amniotic fluid are needed. 

Results and discussion: The results are presented in Table I. The oxygen 


TABLE 1 
OXYGEN TENSION OF THE AMNIOTIC FLUID AND OVARIAN CYSTS 


Amniotic fluid Number Range among cases Ovarian cyst Number 
near term 
11 mms Hg 54 2—15 (20)* mms Hg 45 mms Hg 10 


tension in the ovarian cysts is about 45 mms Hg, which probably agrees with 
the intra abdominal tissue oxygen tension of the woman. The amniotic oxygen 
tension is considerably lower and in several cases so low that there is almost 
no oxygen measurable. The average oxygen tension is probably lower than the 
figure given as in some instances the samples might have been contaminated 
by the surrounding oxygen. 

\s we have shown in an earlier study (Rootu, Ss6stEpT & CALIGARA 1957) 
there is a rapid equilibration between the skin tissues and a surrounding fluid. 
Five ml of fluid at 45°C, in which a finger is immersed, will have the same 
oxygen tension as the tissues after 10 minutes. As the surface of the foetus 
wich is in contact with the amniotic fluid is large and the time is long, the 
0. vgen tension of the skin of the foetus must be approximately the same as 
that of the amniotic i.e. of the order of 10 mm Hg or less. The oxygen con- 


One case (the last in fig. 1) is excluded because the foetus was dead in utero. The value 20 
ls -obably caused by technical error. 
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Oxygen tension of the amniotic fluid during oxygen administration to the mots er. 


7 
O 0 
x 
100% 
2 
0 
AIR 
10 
0 
E 10 4 
N 
S 
I 49 JAIR 
N 


60 120 180 240 
MINUTES 


Fig. 1. 


Oxygen tension in mms Hg. 

The oxygen administration to the mother began at O,. The values left of this line represent 
the oxygen tension before the administration of oxygen. At 100% the mother was 
oxygen with a face piece. At »air> the mother began to breath only air. 
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sumption of the amniotic fluid is negligible. The influence of oxygen adminis! ra- 
tion to the mother on the oxygen tension of the amniotic fluid is shown in Fig. I. 

In case No. 1 the mother was given oxygen for almost 4 hours and no 
increase was observed in the amniotic fluid. The same results were obtaired 
in cases 2, 3 and 4. It seems from these results that oxygen administration to 
the mother does not increase the oxygen tension of the tissues of the foetus. 

Case No. 5 gives some additional information. The foetus had died before | he 
samples were taken, and it will be observed that the oxygen tension in ‘jie 
amniotic fluid in this case is higher than in the other cases. This indicates t’ at 
the amniotic fluid receives some oxygen from the mother and that the liv ng 
foetus absorbs some oxygen from the amniotic fluid. Consequently the oxy en 
tension of the skin of the foetus will not be higher than that of the amniotic fl. id. 


Conclusions: 


1. The oxygen tension of the amniotic fluid and at least some of the tis: ‘es 
of the foetus is 10 mm Hg or less. It may often be about 2 to 5 mms Hg. 1 iis 
shows that the foetal tissues are able to extract almost all the oxygen availa !e. 
The results may also support the opinion that the anaerobic metabolism of ie 
foetus is important. 
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2. Some oxygen may be transported to the foetus from the mother via the 

amt: otic fluid. The total amount carried this way is probably small and without 
pra ical significance to the foetus. 
Oxygen administration to the mother does not increase the oxygen 
available to the infant. This is also recognised from theoretical considerations. 
As tiie arterial blood of the mother is fully saturated with oxygen, an increase 
in oxygen tension will give only a small increase in the physically dissolved 
oxycen and only an insignificant increase in the total amount of oxygen carried. 
If, on the other hand, the mother is hypoxic, oxygen therapy may raise the 
oxygen tension in the umbilical vein to a considerable extent. 

1. It is not yet known whether the measurement of the oxygen tension of the 
amniotic fluid is of any practical importance in the management of deliveries. 
In our cases, this tension varied from 2 to 15 mms Hg. It is possible that further 
studies will reveal that chronic hypoxia of the foetus may be diagnosed in 
utero by this method and that proper therapy — induction of labour or 
Caesarean section — may be instituted in time. We would then have a means 
of guiding cases of dysmaturity or other placental insufficiencies. 
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DISCUSSION 


(-E. Raihd, Finland. — A falling O, tension during foetal life, mentioned by 
the author, perhaps supports the investigation by Walker & Turnbull. 


Sjéstedt, Sweden. — During the early months of pregnancy the pO, of the 
an iiotic fluid seems to be higher than at term. However, the material is not 
bic enough for definite conclusions. It is not justified to use our findings as 
a confirmation of Walker & Turnbull’s hypothesis. Furthermore their findings 
have not been confirmed by several authors in different countries all having 
much larger material. Lastly, Walker now only maintains that the decrease in 
0x: gen saturation with advancing gestation time only occurs in primigravidae. 
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Some Characteristics of the Blood Plasma Chemistry in Newborns 


GUNNAR CHRISTIANSSON 


Stockholm, Sweden 


In an investigation which was carried out in order to establish certain norinal 
values in the blood in children, special attention was paid to the newborn. In 
the first place, studies were made of the enzymatic conditions which hive, 
in the past few years, attracted a good deal of interest in most other medical 
fields. In addition, some other data referring to the chemistry of the blood 
were registered as being of significance in that connection. For the sake of 
comparison, corresponding analyses have, in some instances, been carried out 
on older healthy children up to the age of 7 years, and on the mothers at par- 
turition. 

The investigation comprised alkaline serum phosphatases, serum glutamic 
oxaloacetic transaminase (SGO-T), serum glutamic pyruvic transminase 
(SGP-T), lactic dehydrogenase (LD), bilirubin and uric acid. 

The following summarized conclusions can be drawn from this: 

1. The phosphatase activity in newborns is strikingly low as compared with 
other age-groups and the mothers. 

2. The SGO-T activity shows a higher mean value during the first year of 
life with a more marked deviation and uncertainty during the first week of 
life. 

3. The SGP-T and LD concentrations in newborns, in a small material, 
show approximative agreement with those in adults. 

1. As regards the SGO-T, SGP-T and LD concentrations, there is no ascertaiii- 
able correlation with the degree of physiologic bilirubinemia. 

5. The concentration of uric acid is significantly higher in newborns. This 
may possibly be attributed to the cellular transformation in the blood during 
the newborn period. 


DISCUSSION 
S. Sjéstedt, Sweden. — 


G. Christiansson, Sweden. — We have had no major troubles in taking samp! 
from the umbilical cord. As was mentioned by way of an introduction, \ 
deliberately selected only normally delivered, apparently healthy, full-weig 
infants. Hence there was no current interest in this material to correlate tle 
results obtained with the baby’s condition on birth. 
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Treatment of Premature Infants with 15% Oxygen 


G. ENGLESoN, G. Rootru and S. SJ6STEDT 


Lund, Sweden 


\n increased oxygen tension in premature and newborn infants produces 
iniportant vasomotor reactions in the vessels of the brain, lungs and eyes. 
Iietinal and cerebral vessels are constricted and the vessels of the lungs are 
dilatated. A decrease in oxygen tension causes opposite reactions in these 
organs. 

As is well known, premature infants have a tendency to develop retrolental 
fibroplasia, hyaline membrane and cerebral palsy. Almost all pediatricians are 
now of the opinion that the development of retrolental fibroplasia is due to the 
increased oxygen tension caused by the administration of high concentrations 
of oxygen. As a matter of fact this treatment has also ‘been abandoned in most 
countries. 

As to hyaline membrane disease, it has been shown experimentally that 
oxygen increases the blood volume in the lungs and also the development of 
hyaline-like membranes. 

Some authors have stressed the coexistence of retrolental fibroplasia and 
cerebral palsy in premature infants. 

On the basis of these findings, we have found it logical to treat premature 
infants in incubators with an atmosphere of low oxygen content, i.e. 15% 
oxygen and 85°, nitrogen. 

At first, newborn rats were kept in cages with this mixture (Rooth & Sj6- 
stedt). No side-effects were obtained, and later the method was applied to 
newborn premature infants. 

Immediately after the infant was born, the airways were cleared by means 
of a resuscitator; subsequently, the newborn infant was placed in an airtight 
incubator through which a mixture of 15°, oxygen and 85% nitrogen was 
blown at a rate of 5 litres/min. Oxygen tension was checked by means of 
« Beckman D oxygen analyser. The temperature was about 29°C (the infant 
ying naked) and the relative humidity about 75%. The infants were fed by 
ineans of a continuous milk drip — at first only breast milk; later on a small 
“mount of citric acid milk was added — via a polyethylene tube. 

Up to now some 50 newborn infants have been treated, 25 of these being 
premature infants with a birthweight between 520 gr to 2,200 gr. 

When a newborn full-term infant is placed in the incubator with 15% oxygen 
usually falls asleep. No cyanosis develops; on the contrary breathing is deep 

nd quiet, the heart rate is rather slow. 

A newborn premature infant behaves like a full-term infant. During the 
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first 2 or 3 days, however, some respiratory difficulties can be seen with sm: || 
attacks of cyanosis and dyspnoe; we have a distinct feeling that these attac! s 
are less dangerous and rarer than usually happens among premature infantis. 

After the third day, these symptoms disappear and the newborn prematu 
infant behaves precisely as a full-term infant, i.e. it sleeps most of the day anil 
night, the respiratory rate is about 45/min. and the heart rate about 100—11' 
min. 

The temperature is low — about 33°C — during the first few days, bu! 
increases gradually to about 36°C on the 10th day of life. 

Our experience during 2 years treatment have so far been favourable. 
Weight increase and general condition have been very good. On 2 occasions 
one of a pair of twins was treated in the incubator with 15% oxygen ani 
the other in room air. In both cases the infant in 15% oxygen — with the 
lowest birth-weight — was in better condition, and on later examinations 
general development was faster and more advanced for these infants. 

All premature infants have been examined at regular intervals, and we have 
the impression that most of these infants have been physically and mentally 
more advanced for their age during their first year of life. This impression has 
been confirmed by other observers. 

Ophtalmological examinations have been made by a specialist, and no cas 
of retrolental fibroplasia has occurred. In fact, some observations speak in 
favour of a dilatation of retinal vessels. 

Electroencephalographic and electrocardiographic examinations have been 
entirely normal. 

From experimental experience (Rooth and Sjéstedt), there were some reasons 
to find a decrease in the frequency of prematurity anemia. Our present experienc« 
is that most of the treated premature infants develop anemia, but this is less 
pronounced than is usually found. In our experiments with twins the infant 
treated with 15% oxygen had less anemia than the infant treated in room air. 

No serious side effects have occurred. 5 patients died; the first case had 
a birthweight of 520 grams, one case had multiple malformations and in 3 
cases prematurity was combined with other complications, i.e. birth trauma, 
toxemia, placenta previa and so on. 

Treatment with 15% oxygen should for the present not be used as a routin 
method. 


DISCUSSION 


P. Karlberg, Sweden. — I find this therapeutical programme very interesting 
From having until a few years ago regarded ourselves as helping the prematur: 
through a generous supply of oxygen gas we have now come to the conclusioi 
that a lower oxygen concentration than in the air increases their chances of life. 
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| should like to put two questions: 

\\ hat do you do if the premature baby has an attack of cyanosis while it is 
in an atmosphere with 15% O, (which occurs, according to Dr. Englesson)? 

‘The therapeutical schedule involves keeping body temperature 2—4° below 
37 . Can this hypothermic treatment have contributed to the results attained? 


ot 


C-E. Rdihd, Finland. — My congratulations on both the interesting experi- 
ments. Is there anything to indicate what happens with this treatment; whether 
it is the hypothermy which reduces the need for oxygen or the low oxygen 
tension which produces hypothermy? 


Engleson, Sweden. 


Respirator Treatment of Pulmonary Insufficiency in the Newborn 


F. BENSonN and O. CELANDER 


Goteborg, Sweden 


Neuromuscular block and positive-pressure respirator treatment has been 
tried in cases of life-threatening respiratory distress in new-born infants. 
A diagnosis of pulmonary insufficiency has been based on the clinical appearance 
of the child (a marked increase in respiratory frequency being considered the 
most important single symptom) as well as the radiographs of the lungs, and, 
in most cases, determinations of CO, tension and pH of capillary blood. Only 
when the child has been evidently deteriorating has the respirator treatment 
been considered. In some cases, endotracheal intubation and manual artificial 
respiration has been an emergency measure in children dying from pulmonary 
insufficiency. Tracheotomy and respirator treatment has been the logical con- 
tinuation of this initial resuscitation. Neuromuscular block has been used both 
to lower body temperature and skeletal muscle activity. This will cut down 
the metabolic activities of the body, and therefore decrease the demand for 
a respiratory gas exchange making the pulmonary insufficiency less prominent. 
In addition, blocking of the child’s own respiratory efforts makes the adjust- 
ment of the respiratory volumes easier. The positive pressure necessary will 
also be lower and the risk of pulmonary rupture less. 

Of our first nine cases, three have been successfully treated for periods up 
(» 13 days, making a complete recovery. Four prematures died shortly after 
(ho start of respirator treatment, and on autopsy showed almost total atelectasis 
of their lungs. One child died suddenly on the fifth day of treatment and on 
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autopsy there was extensive bronchopneumonia. The last child of this serie 
died unexpectedly and on autopsy showed partial atelectasis of the lun 
hyaline membranes and a small pneumothorax. 


DISCUSSION 


S. Jdykkad, Finland. — I would like to contribute to our knowledge of circ:i- 
lation conditions in the lungs with a few anatomical data: 

According to v. Hayek, there is a »short circuit» past the capillaries. It travels 
via pulmobronchial anastomosis and flows into the venous plexus of thie 
bronchus under the mucosa. If Indian ink is injected into the pulmonary artery 
in a »respiratory distress» lung it can be seen to travel via »v. Hayek’s short 
circuit» in the atelectatic parts of the lung. It seems to me that theoretical!y 
artificial respiration is hardly beneficial for impaired diffusion when the capi!- 
laries are not perfused. Ventilation may be justified when the child has apnoea. 
I would, however, prefer for theoretical reasons YIpp6’s old method of applying 
oxygen via the digestive tract. 


Infection of the Foetus during Labour 


Lars EnGStTrROM and BIORN IVEMARK 


Stockholm, Sweden 


The purpose of the study was to investigate from clinical, bacteriological aii 
pathological points of view the infections transmitted from the vagina to tle 
foetus during labour. 

The material — 138 delivery cases —- was selected at random. 

The following problems were studied: 

1. The influence of early membrane rupture and prolonged labour on |! 
occurrence of infections among the infants. 


2. The composition of the bacterial flora. 

3. The value of prophylactic and therapeutic use of chemotherapeutics «ii 
antibiotics. 

Samples for bacteriological examinations were taken from the throats of {hie 
infants at birth, from umbilical cord blood and from placenta tissue. ‘I ‘ic 
placentas and cords were examined histologically. 

The following conclusions were made: 
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Pathogenous bacteria (mostly coli and enterococci) were often present in 
the infants’ throats at birth without any clinical signs of infection during the 
neonatal period. 

Inflammation of the umbilical cord and the placenta occurred in 2% if labour 
started and membranes ruptured within 24 hours before delivery (normal 
deliveries). In cases with rupture of the membranes earlier than 24 hours 
before delivery, inflammation was seen in 26° even if the labour pains lasted 
less than 24 hours. On the other hand, inflammation was found in 38% in cases 
of prolonged labour, but with rupture of the membranes within 24 hours before 
delivery. This means that bacteria can infect the foetus in spite of unruptured 
membranes and reach the uterine cavity in cases without uterine contrac- 
tions but with rupture of the membranes. From the obstetrical point of view 
it is of great importance to induce labour when the membranes are ruptured 
in full time and to shorten labour in cases of inertia. 

Before determination of type and resistance of the bacteria, the routine 
employment of chemotherapeutics and antibiotics is of doubtful value. 


Paroxysmal Atrial Tachycardia and Atrial Flutter in the Neonatal 
Period 


Ax E LUNDBERG 


Stockholm, Sweden 


The clinical material consisted of 30 cases of paroxysmal atrial tachycardia 
and 7 cases of atrial flutter in infants from Swedish Childrens Hospitals. The 
diagnosis was confirmed by ECG during the acute attack. 

Four paroxysmal tachycardias and 4 flutters were diagnosed during the neo- 
.atal period. In half of these cases, the arrythmia was suspected before birth, of 
vhich 3 were seen to have flutter after birth. Most of the flutters amongst the 
infants commenced in the neonatal period, which might suggest that the 

ause lies in an immature conduction system. Treatment with digitalis, prefer- 
bly as digitoxin with its more prolonged action has given good results per os. 

Recurrences during the first month of life have been observed in 2 of the cases 
f paroxysmal tachycardia but in none of the flutters. The prognosis has been 

od in every case and no accompanying disease has been found. 
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Indications for Exchange Transfusion in Icterus Neonatoruia 


ANDREAS KILLANDER and Stic SJOLIN 


Uppsala, Sweden 


The toxic effect of indirectly reacting bilirubin is well known, and in infants 
with haemolytic disease due to Rh-immunization the indications for exchange 
transfusion are established. However, opinions differ as to the treatment of 
other icteric newborns. In some centres, the hyperbilirubinaemia of premature 
infants is treated by exchange transfusion, but the indications vary. 

To be able to define more clearly the indications for exchange transfusion 
in cases of hyperbilirubinaemia not due to Rh-immunization, we investigated 
all newborn infants -in Uppsala in 1957. The series studied comprised 85 
premature and 1987 full-term infants, who were observed with respect to th: 
occurrence of hyperbilirubinaemia and neurological symptoms. 

Exchange transfusion was carried out on the 8 premature infants reaching 
a serum bilirubin level of 20 mg®,, and in 3 additional infants who showed 
neurological symptoms at a bilirubin level of 15—20 mg%. Most cases with 
neurological symptoms showed a marked improvement after the treatment. 
No case of kernicterus was noticed, in contrast to the findings in 1954 and 
1955, when 6 premature infants died of kernicterus. 

The previous finding of kernicterus in a few full-term newborns initiated 
a study of the use of exchange transfusion also in fullterm newborns. Exchange 
transfusion was performed alternately on 53 infants reaching a serum bilirubin 
concentration of 20 mg®,. A comparison between the two groups showed a1 
earlier reduction of the serum bilirubin in the treated group. No differences 
were noted between the two series as regards their clinical condition 
immediately, or after 3-—-4 months. In 14 of the 53 patients, the hyperbilirubin- 
aemia was probably due to A- or B-immunization. These infants did not diffe: 
from the others with regard to the degree of hyperbilirubinaemia, the onset 
of icterus or the occurrence of symptoms. 

From the preliminary result, we suggest that exchange transfusion should 
be performed on premature infants attaining a serum bilirubin level of 20 mg°,, 
and also on those with neurological symptoms at a lower concentration. In 
full-term newborn infants, exchange transfusion should be restricted to case 
with excessive and early hyperbilirubinaemia (25--30 mg°,). 


DISCUSSION 


P, Plum, Denmark. Retrospective investigations into the incidence 0! 
severe icterus neonatorum, with and without sensibilisation, in patients with 
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athetosis have shown that kernicterus without sensibilisation seems to be fairly 
common both in premature babies and in those born at term. (See the YIppé 
Anniversary Publication 1957). 


G. Christiansson, Sweden. — We consider bilirubin determinations on the 
newborn a difficult task as venous blood is needed in relatively great quantities 
for repeated determinations. In the Kronprinsessan Lovisas Barnsjukhus a 
micromethod has been tried for the analysis. Parallel determinations with this 
method and with the customary macromethod, however, showed very poor 
agreement and we therefore felt obliged to abandon the former. It would be 
valuable to know what method Docent Sjolin employed for these, if I under- 
stood him correctly, daily determinations. 


M. Skatvedt, Norway. — We have found no incompatibility of blood groups 
between mother and child in nearly a half of our kernicterus cases in the cerebral 
palsy material from the Rikshospitalet in Oslo. It seems to me a daring measure 
to allow bilirubin values to rise as high as 25-30 mg since kernicterus has been 
seen in prematures with bilirubin values of 17-18 mg%,. It is not possible to 
diagnose cerebral damage in medium-severe and mild cases until considerably 
after the age of 3—-4 months, Athetosis is not found until the age of 8—9 months 
at the earliest, and impaired hearing and mental subnormality even later. To 
wait until neurological symptoms appear in an icteric infant may be to wait 
too long. The cerebral damage may already have occurred. 


P.W. Brestrup, Denmark. — The risk of damaging the child through repeat- 
edly taking large quantities of blood for bilirubin determinations can be reduced 
if primary serum dilution is used for the analysis. This method gives uncertain 
results for normal values but reasonably reliable results when the bilirubin 
quantities fall within the range of actual interest, that is around 20 mg%,. 


S. Sjélin, Sweden. — The serum bilirubin concentration has been determined 
iccording to Jendrassik and Grof, using 0.2 ml of serum. Whole blood has been 
obtained by a deep heel puncture. The importance of warming the foot is 
stressed. In order to avoid haemolysis, only specially trained nurses should be 
illowed to take the samples. 

We should like to stress that in assessing the need forexchange transfusion 
not only the serum bilirubin level should be taken into account, but also 
he occurrence of even slight neurological signs. 

The final follow-up study on these patients is planned to be carried out 


\t the age of 2 years. 
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A-B-O Sensitization in the Newborn. Diagnosis, Frequency an: 
Symptoms 


HoL_Ger DyGGve and GrorG Munk-ANDERSEN 


Copenhagen, Denmark 


Two methods for the demonstration of anti-A or anti-B sensitization of the 
red cells have been employed for the examination of cord blood from 3,5()\) 
newborn infants. The methods were Rosenfield’s modification of Coomls 
direct antiglobulin test (Blood 70:17, 1955) and Munk-Andersen’s direc! 
conglutination test (Acta path. et microbiol. scandinav. 38:259, 1956). 

In 71 cases (two per cent), all type A or type B infants of type O mothers. 
the red cells of the infants were found to be sensitized by A-B-O antibody. The 
serological diagnosis was confirmed by elution of antibody from the red cells, 
and demonstration of the specificity of the antibody. In the mother’s serum 
incomplete immune anti-A or anti-B could always be demonstrated, whereas 
no other immune antibodies were found. 

Sex distribution, birth weight, complications of pregnancy and labour ani! 
the outcome of earlier pregnancies has been analysed. One third of the cases 
occurred in primigravida. 13°, of the infants were premature. The two smalles 
premature infants died without being icteric. Often a considerable weight los; 
was observed. 42°, of the infants became icteric before the age of 48 hours. 
While no visible jaundice was observed in one fourth of the infants, one thir: 
became severely jaundiced, and 11 infants reached serum bilirubin level: 
above 20 mg®. Haemoglobin values were lower in the A-B-O infants than i 
150 controls, but no case of severe anaemia was seen. Reticulocyte count 
were higher in the affected infants than in the controls. 

Only two infants received exchange transfusions with type O blood and th 
addition of AB-substance. While none of the infants had definite symptom 
of kernicterus during the neonatal period one of them has shown such sign 
at the follow-up (which is still in progress). It is concluded that more exchang: 
transfusions should be given in the future to prevent kernicterus. Our experienc: 
suggests that exchange transfusions on account of A or B sensitization wil 
be necessary in about three pro mille of all newborn infants. 
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Congenital Malformations of the Urinary Tract. I. Diagnosis 


JORGEN VESTERDAL 


Copenhagen, Denmark 


In this and the following paper (by Dr. Winkel Smith) we will present a case 
material, consisting of the urological patients admitted to the University 
Clinic of Pediatrics, Copenhagen, during the years 1949—-1958. 

This series comprises 183 cases submitted to urological examination. In this 
number there are not included cases of simple hypospadia, pseudohermaphrodi- 
tism and enuresis. 

The indications for urological examination were: 

1) recurrent or persisting pyuria (a single attack of pyuria does not, in our 
opinion, necessitate a thorough examination). 

2) retention of urine, frequency, dribbling or incontinence. In common enu- 
resis we have only in part of the cases taken urograms; these were all normal 
and have therefore not been included in the present series. 

3) hematuria (except in acute nephritis and hemorrhagic diathesis). 

1) abdominal colic, with a localization suggesting a urinary disorder or 
with uncharacteristic localization. 

5) palpable mass in the kidney region or in the lateral part of the abdomen. 

6) renal insufficiency of unknown origin. 

7) hypertension. 

8) anomalies of the external genitals. Cases of this type have not been included 
in the present series. We have seen 14 cases of adrenogenital syndrome, 7 cases 
of masculine pseudohermaphroditism, and 72 boys with uncomplicated hypo- 
spadia; urograms were taken in 36 cases of the last group; the result was normal 
in 32, while 4 had anomalies without any symptoms (3 had double kidney and 1 
lad fused kidney). 

9) passing of calculi. 

10) »neurogenic bladder» in myelomeningocele and similar conditions where 
urgical intervention is justified to relieve the symptoms. 

The following procedures were carried out: intravenous (or intramuscular) 
urography — it may be difficult to obtain good pictures in small infants owing 

0 the small concentrating capacity of the kidney and to air in the intestines 
overlapping the kidneys; the latter impediment may be avoided by giving the 
nfant sodium bicarbonate by mouth, so that the air-filled, distended stomach 

resses the intestines down and permits a clear view of the urograms. Further- 
nore we carried out cystoscopy, retrograde pyelography, urethroscopy, cysto- 
‘raphy, urethrography, and serial cystograms of micturition. The latter tech- 
iique proved very useful, as it might yield information on reflux into the ureters 
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and on the function of the internal sphincter and the adjoining part of t 
bladder-during micturition. 

In almost half of our cases the symptoms started at birth or in the first year 
of life. In small infants, vomiting and failure to thrive were predominaut 
symptoms. 

The results of the examination of the 183 patients were as follows: in 17 cases 
with recurrent attacks of pyuria, no anatomical anomaly could be demonstrated; 
in the remaining 166 cases the most frequent finding was one or more obstruc- 
tions of the passage in the urinary tract, with secondary dilatation of the 
proximal parts and recurrent infections. Several patients had more than one 
disorder. The findings are summarized in table 1. 


TABLE 1 


FINDINGS IN 166 PATIENTS WITH UROLOGICAL DISEASES 


— of the bladder and urethra ............ 55 
Hydronephrosis of unknown origin 9 
Incontinence due to myelomeningocele, etc. ............ 8 


Total 202 


Among malformations of the kidney the most frequent was duplicated pelvis. 
which was seen in 19 cases. In 14 out of these the ureter was also duplicated. 
This type of malformation occurs not infrequently without any symptoms 
When symptoms arise, the cause is obstruction of the urine flow; this occur: 
most frequently in the ureter from the upper segment of the duplicated kidney 
very often with the formation of a ureterocele in the bladder wall. In one cas: 
there was found an ectopic ending of one part of a duplicated ureter into th: 
vulva. In some cases one of the segments of a duplicated kidney was not func 
tioning, and this might cause great diagnostic difficulties. 

Stenoses in the ureters were found in 34 cases, situated either proximall\ 
near the pelvis of the kidney or, more frequently, distally, near or in the bladde: 
wall, often with a ureterocele. 

Dilated and tortuous ureters were in most cases secondary to obstruction 
in the lower urinary tract. No such obstruction could be demonstrated in 4 girl: 
with primary megaloureters. In this condition, which seems to be due to a neuro 
muscular disturbance, the ureters are enormously dilated, with a wide anc 
funnel-shaped lower orifice. These patients have much residual urine becaus« 
during micturition the urine flows up into the ureters and returns to the bladde: 
when the micturition is finished. 
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mong the malformations in the bladder and urethra the most important 
various hindrances to the urine flow from the bladder. 11 cases had valves 
ie urethra. In 14 cases sclerosis of the internal sphincter was found, and in 
cases there was great suspicion of this disorder. These patients have diffi- 
ies in emptying the bladder, with residual urine, trabecular bladder and, 
uently, secondary dilatation of the upper parts of the urinary tract. By 
ns of cystoscopy a pillow-like thickening of the bladder wall in the trigonum 
is seen, and serial cystograms during micturition show that the bottom of the 
bladder does not change its form during micturition (normally it becomes fun- 
shaped), so that one gets the impression that the tissue is hard and sclerotic. 
in most of the 13 cases of calculi the stone formation was secondary to a mal- 
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formation with chronic infection. 

tumours have been included in our case material. 17 cases had Wilm’s 
tunour. In two thirds of these, the first symptom was a palpable mass in the 
abdomen or the loin. As this tumour is very malignant we do not waste time on 
too many examinations, but operate upon the child as soon as there is a fair 
suspicion of this disease. In spite of this, one was inoperable, 3 died and 6 had 
nelastases or ingrowth into adjoining tissues. 

l‘inally, we have included 8 cases with severe incontinence (in 7 cases due 
to spina bifida with myelodysplasia and in one case for unknown reasons). 
These patients were socially incapacitated to such a degree that we felt that 
rather extensive surgical action was justified to relieve the symptoms. 


Congenital Malformations of the Urinary Tract 
II. Surgical Treatment 


C. C. WINKEL SMITH 


Copenhagen, Denmark 


\ complete survey of the surgical treatment of the congenital malformations 
the urinary tract would comprise more than 20 different groups of surgical 
‘blems and procedures. As it is impossible to give this account within the 
towed space of time I have chosen a few major subjects, where the current 
rgical achievements have been found of special importance to pediatricians 


their daily dealing with sick children. 

Obstructions of the ureteropelvic junction. The material of organic obstructions 
cludes 21 patients who were operated upon 27 times in all. In 3 cases a primary 
astic operation was followed by nephrectomy, 3 patients had a bilateral 
astic operation done, and in 1 a girl with one kidney —- an insufficiently 


the 
veur 
laut 
the 
| 


60 


functioning plastic operation was followed by a ureterectomy substituted by 
an isolated ileum loop. 

Thirteen of the 21 patients were cured by conservative plastic procedures 
(Y—--V-plastic in 4, Davies’ ureterotomy in 8 and resection in 1 case). 

Two elementary factors are of the greatest importance for good results in 
urologic surgery: 1) early diagnosis, if possible already in early infancy before 
the obstructive lesion has caused irreversible parenchymal damage to the 
kidney and 2) the correct choice of surgical technique. 

In this material, Davies’ intubationureterotomy for obstructive lesions in ‘he 
upper part of the ureter has proved to give excellent results in 8 of the 11 cases 
in which it was used. The other recent advance in urosurgical technique is | he 
use of an isolated ileum loop as a substitute for either a part or the whole of 
the ureter. In the present material, this technique has been used twice with 
very promising results. Although too early to be definitively assessed, the ileum 
loop surgery in urology must be brought into consideration in cases with 
badly functioning ureters. It might well be a life-saving procedure. 

Duplication of the kidney and the ureter. From a clinical point of view this 
problem has turned out to be of much greater importance than realized before, 
first of all due to better diagnostic methods. Cysto-urethrography and cyst\o- 
scopy in early infancy and childhood have made it possible to detect these 
anomalies, which very often are impossible to demonstrate urographically. 
A great number of the ureters are ectopic, often combined with a ureteroccle 
either inside the bladder or in the urethra. 

In the present material 20 cases of bilateral duplications were found. Only 3 
of the patients were boys. This corresponds to the figures of Stephens froin 
Australia, who found 4 boys out of 28 cases. Half of the cases in our material 
were bilateral and in 15 a dilatation could be shown, either in the lower part or 
in the upper. 

It is a well established fact that heminephro-ureterectomy is the technique 
of choice for duplication, whereas dilatation of the stenotic orifice or splitting 
of the ureterocele alone are inadequate procedures. Splitting was tried in 4 case:. 
None of these children were cured, in 3 cases the condition improved while on 
had symptoms as before. In 9 cases a heminephro-ureterectomy was performe 
Eight of these children were completely cured while one child had a sligh'. 
persistent pyuria. A postoperative excretory urogram showed excellent functio 
of the remaining part of the kidney. In all cases the dilatated part of the kidn« 
was resected. In 2 cases a unilateral nephrectomy was necessary, after whic 

both children are doing well. 

Anomalies in the lower urinary tract is a very complicated subject to de 
with because of the still many unsolved diagnostic and therapeutic problem-. 
Four groups of organic lesions must be considered: 1) bladder-neck-obstructio: 
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2) urethral valves and hypertrophia of the verum montanum, 3) stenosis at 
the uretero-vesical junction and 4) primary megaloureteres. 2 clinical entities 
may further be added to these 4: 1) patients with recurrent acute cysto-pyelitis 
where no organic lesion can be demonstrated with our present methods of 
examination and 2) patients with a chronic urethritis causing a persistent infec- 
tion in the urinary tract. 

The clinical picture in bladder-neck-obstruction differs very much in boys 
and girls, being of a more serious nature in the former. In our material it was 
found in 10 girls. As therapy, a transurethral resection was performed in all 
cases, after which 5 were cured. 3 cases had later on a transvesical sphinct- 
erolomy, apparently with good effect. 

Nine boys had bladder-neck-obstruction, 6 infants and 3 bigger boys. How 
serious this anomaly is can be judged from our material: 1 died untreated in 
the neonatal period while 4 died at a few years of age in spite of a thorough 
treatment including cystostomy, sphincterotomy and nephrostomy. Although 
the prognosis seems to be poor it might be improved if the children are admitted 
for treatment at an early stage. 

\egaloureters. One of the unsolved urological problems is whether megaloure- 
ters constitute a clinical entity per se or not. Personally I believe so. We meet 
cases with very little infection, with pathologically big openings into the bladder, 
where profuse vesico-ureteral reflux is demonstrated at the X-ray examina- 
tion, and where an enormous hyperperistalsis and antiperistalsis can be seen 
in the ureters during the operation. The treatment of these cases is still not 
definitively settled. In some cases antibiotic treatment will be quite enough 
to keep these children free from symptoms. In more severe cases a resection 
of the ureter may be tried. In the present material this was carried out in two 
cases, bringing both children in a much better clinical condition. 

(‘rinary incontinence. The treatment of urinary incontinence is one of the 
most difficult surgical problems in urology. On the other hand a constant leak 
of urine is so invalidating for the patient that the state of affairs must be 
changed. 

(hree surgical procedures different in principle are at hand: 1) ureterocolic 
anastomosis 2) Bricker’s isolated ileumloop-bladder and 3) Lowsley- Johnsons 
isolated rectum-bladder with trans-sphincteric colostomy. With ureterocolic 
anastomosis the urine and feces are mixed, whereas they are held apart in the 
ileumloop- or rectum-bladder procedure, a circumstance which has proved to 
l of the greatest prognostic importance. 

id 1) Recent years have shown an increasing criticism of the basic principle 

ureterocolic anastomosis, based on the fact that hyper-azotemic acidosis 
-velops in a number of patients thus operated upon. Our own experience with 
iirteen patients corresponds to that of several others, being that about 2/3 of 
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these patients will eventually develop hydronephrosis and suffer from recur: “nt 
infection and changes in the biochemical balance. On the other hand scime 
children do perfectly well with ureterocolic anastomosis, and in my opiiion 
it is too early to condemn this operation completely. 
ad 2) Bricker’s isolated ileumloop-bladder is —as far as I can see~- an 
excellent operation particularly for children with meningocele where tlicre 
is also an insufficiency of the anal sphincter. 10 children are doing very well 
after this operation. It is amazing to see how little these patients are incon- 
venienced by their urine-bag. 
ad 3) the Lowsley-Johnson procedure is still a rather new technique but very 
interesting and promising. Its great value lies in the fact that the urine and ‘he 
feces are diverted, both being under the control of the anal sphincter. 
My personal experience with this procedure is still very small as I have ouily 
used it in 3 cases, but the results so far have been promising. The anal sphincter 
is functioning well in spite of the intrasphincteric operation, as can be judved 
by the satisfying continence of urine in the rectum. The difficulties lie in 
achieving normal voiding reflexes in the transplanted sigmoid. 
( 
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Bacteriological Findings and Resistance to Antibiotics in Chronic 
and Recurring Urinary Tract Infections in Childhood 


Opp GARDBORG 


Oslo, Norway 


Urinary tract infections are very common in pediatric practice. Today, mvs| 
of the acute infections can be readily cured by medical treatment, but there 
are still many problems concerning the therapy of the chronic and recurring 
infections, and the introduction of modern chemotherapeutics and antibioti:s 
has not simplified these problems to any considerable degree. 

A series of cases from the Childrens Ward, Ulleval Hospital, Oslo, is presente |. 
108 children, 89 girls and 19 boys, were treated in this department in the peri: ( 
1950 to 1957 for chronic or recurring urinary tract infection. 24 of the patiei's 
have been admitted to the ward two or more times, and altogether they repi:- 
sent 148 admittances. 

The sex distribution shows the usual great predominance of girls (in t! is 
series more than 82 per cent), as well as the equal sex distribution in the fii || 
year of life, with 12 girls and 10 boys. In most cases the symptoms start)! 4 
during the first 2—3 years of life, and most frequently before 1 year of age. 
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( rinary tract anomalies were demonstrated by urography in 31 patients, 
eleven boys and 20 girls. In 22 of these cases, 11 girls and 11 boys, obstruction 
of ‘he urinary tract was present. 

{sacteriological examination of the urine was undertaken before, and again 
two days after, termination of treatment. In girls, all the samples were obtained 
by catheterization, in boys clean voided midstream specimens were used. The 
pretreatment examination showed growth of bacteria in 146 cultures altogether. 
The distribution of the different species was: E. coli 56%, coliform rods 8%, 
Proteus vulgaris 17%, Enterococci 5°%, other species (Proteus Morgani, Aero- 
bacter aerogenes, Staphylococcus pyogenes) 4°%, and mixed flora 10°,. The 
most common combinations of species found in the mixed flora was: E. coli and 
Proteus vulgaris, and E. coli and Enterococci. 

(he post-treatment cultures were positive for bacteria in 44 cases. In 19 cases 
the pretreatment flora was totally eradicated and replaced by new species, 
in 10 cases new species were added to the pretreatment flora, and in 
fifteen cases this flora persisted unchanged. It is of course possible that changing 
of the flora has in reality been still more common. In an apparently persisting 
infection caused for example by E.coli, a new strain can replace the original 
wilhout this being discovered by ordinary bacteriological examination. The 
distribution of the different species in the post-treatment flora was: Proteus 

ulgaris 23%, E.coli 18%, Enterococci 11%, Staphylococcus pyogenes 9%, 
Pseudomonas aeruginosa 5%, Proteus Morgani 2°, mixed flora 32%. The 
post-treatment flora is characterized by a more common occurrence of such 
species as Proteus, Enterococcus, Staphylococcus pyogenes and Pseudomonas. 

Resistance determinations in vitro were done by a paper disc method. Most 
strains were tested according to the technique described by Ericsson, Hogman 
and Wickman (1954). As it was considered that bacteria belonging to sensitivity 
groups I and II would probably be accessible to therapy, these strains will in 
the following be termed sensitive. Strains belonging to sensitivity groups III 
and IV will be called resistant. The resistance determinations were all carried 
cut in The Bacteriological Laboratory, Ulleval Hospital. 

Altogether 71 strains of E.coli were examined. Approximately 80% of these 
strains were sensitive in vitro to the tetracyclines (Aureomycin, Terramycin, 
‘\etracycline), 90°% to chloramphenicol, 70°% to sulphathiazole, and only a few 

‘rains were resistant to streptomycin and furadantin. 

Of 36 strains of Proteus vulgaris, approximately 90°, were sensitive to 
‘\reptomycin and chloramphenicol, 60°, to sulphathiazole, and 70% to furadan- 

in. All these strains were resistant to the tetracyclines. 

Approximately 80° of the 22 Enterococcus strains were sensitive to the 

‘tracyclines and erythromycin, 95%, to chloramphenicol and furadantin, 40%, 

) streptomycin, and only a few strains were sensitive to penicillin. This species 
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is resistant to sulpha-drugs. Only an insignificant number of strains belonging 
to other species were tested. 

It is a significant fact thet the post-treatment flora in these infections always 
has a considerably higher frequency of resistant strains than the pre-treatme ut 
flora. Thus of the pretreatment flora in this material (103 strains) approximately 
thirty per cent of the strains were resistant to the tetracyclines, 7%, to strepto- 
mycin, 4°%, to chloramphenicol, 37° to sulphathiazole and 7°% to furadantin. 
In the post-treatment flora (49 strains) approximately 60—70% of the strains 
were resistant to the tetracyclines, 47°% to streptomycin, 33% to chloramphe- 
nicol, 57% to sulphathiazole and 37°, to furadantin. 

The bacteriology of urinary tract infections is often complicated. In 10% of 
the cases there will be found a mixed pretreatment flora, consisting of two, 
three, or sometimes even more, different species. The urinary flora may change 
with each recurrence. Another problem is the changing of the flora during 
treatment, and the occurence of a resistant post-treatment flora. In approxi- 
mately 30%, of the cases this flora is further complicated with a mixed flora. 

The possibility of contamination of the specimens can never be eliminated 
with certainty. It is almost impossible to get a normal material for the determi- 
nation of the frequency of contaminations. In the Childrens Department of 
Ulleval Hospital, bacteriological examination of the urine was practised on 
admission in all cases of acute glomerulonephritis. In 113 cases followed 
very closely over periods of several months without there being signs of 
urinary tract infection, urine cultures were positive for bacteria in 33 cases 
(29°). Of 51 girls, the cultures were negative in 40 cases, E. coli was found in 
six cases, Proteus in 1, a mixed flora (Coli and Proteus) in 1, and apathogenic 
micrococci in 3 cases. Of 62 boys, the cultures were negative in 40 cases, E. coli 
was found in 3 cases, coliform rods in 2, Proteus vulgaris in 2, Enterococci in 5. 
and apathogenic micrococci in 10 cases. If one considers the specimens con- 
taining only apathogenic bacteria to be negative, the frequency of contamina- 
tions in girls (catheter specimens) was 16 per cent, and in boys (clean voided 
midstream specimens) 19 per cent. 

The relatively high incidence of contaminations makes it clear that the 
occurrence of a positive urine culture is not in itself sufficient for a diagnosis 
of urinary tract infection. It is now commonly accepted that a determination 
of the number of bacteria in the urine is of considerable value. If urinary traci 
infection is present, the number of bacteria is high, in most cases more than 
100,000 microbes per ml. urine. Otherwise the number is low, being not mor 
than 5,000 microbes per ml. urine, and often less than 1,000 microbes per ml! 
In the present study, determinations of the number of bacteria in the urin: 
were not carried out. From a practical point of view, however, much can bi 
gained by a microscopic examination of uncentrifugated urine. In contaminatioi 
no bacteria will be found. 
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(1 the treatment of urinary tract infections, it is of utmost importance that 
a tiorough urologic examination be undertaken in every case of persistent or 
recurring infection. According to Campbell, chronic urinary tract infection is 
twenty times more common in children with urinary tract anomalies than in 
those without. If an obstruction of the urinary tract is present, the therapeutic 
problem will first of all be surgical. Long-lasting preoperative drug treatment 
should be avoided, as very often the result will be that a sensitive pretreatment 
flora is replaced by more resistant secondary species. 

li: every case of urinary tract infection, there should be carried out a bacterio- 
logical examination of the urine with in vitro resistance determination of the 
isolated bacteria. The value of in vitro determinations of bacterial sensitivity 
is subject to discussion, and according to certain writers exaggerated value has 
becn placed on these tests. On the other hand, many writers have reported a good 
parallelism between in vitro bacterial sensitivity and the results of drug therapy. 

!n the present series, sufficient data for a preliminary estimation of the 
results of treatment was obtained from 52 patients representing 64 courses of 
treatment. Patients with obstructive uropathy are not included. In 57 cases 
with sensitive pre-treatment flora, the post-treatment cultures were negative 
in 32 cases. Persisting flora was found in 15 cases, a change of flora in 10 cases, 
au development of resistance during treatment in 12 cases. In 7 cases with 
resistant pretreatment flora, cultures were all positive after treatment. The 
results of this small series thus point to a good correlation between the effect 
of drug therapy and the results of the bacterial sensivity tests. 

‘uring recent years, increasing emphasis has been laid upon chronic and 
recurring urinary tract infections. Chronic pyelonephritis can take a very 
long and insidious course, and it has been stated that recurring infections very 
ofien represent acute exacerbations in the course of a chronic pyelonephritis. 
Modern drugs are effective against acute infections, but the therapeutic results 
ii) (he chronic and recurring cases are still far from satisfactory. The changes 
o! urinary flora during treatment and the development of resistance are very 
iniportant problems. To prevent such a development, drugs with optimal 
el/ect judged by in vitro sensitivity tests should be used in doses which give an 
adequate serum concentration. After treatment, a thorough bacteriological 
exmination is necessary. A persisting bacteriuria is important, as it may be 
the only symptom of a persisting, subclinical infection. 

\luch is still obscure in the pathogenesis of urinary tract infections. In those 
«ses in which obstruction and urinary stasis are not present, very little is 
k.own about the reason for the great tendency towards recurrences which is 

en evidenced. Interstitial fibrosis and scarring with dilation of some tubuli 

iv be the result of an acute pyelonephritis, and these changes in the renal 

renchyma may explain a later tendency towards recurrences. 


- Acta Paediat. Congress 
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Nocturnal Enuresis; Aetiologic Aspects 


BeRTIL HALLGREN 


Stockholm, Sweden 


The average child generally ceases bedwetting during its third year of life, 
but the time varies greatly from case to case. Not until bedwetting occurs at 
higher age levels is it referred to as enuresis. Nocturnal enuresis is generally 
defined as repeated involuntary micturition during sleep after the fourth year 
of life. Some investigators set the limit as early as three years, others at five. 
The definition does not include cases of urinary incontinence caused by any 
gross organic lesion in the urinary tract, the nervous system or by systeniic 
diseases, e.g. ectopic ureters, lesions of the spinal cord, diabetes insipidus. 
It would be of advantage to distinguish between cases that are secondary to 
minor organic diseases and mental stress. Such differentiation, however, is 
not possible, since it is very difficult to evaluate the causal significance of such 
factors in individual cases. 

Nocturnal enuresis is a common symptom during the growing years. Probably 
about 12° of boys and about 8% of girls in the general population bedwet 
regularly after the age of four for longer or shorter periods ! 7. In the majority 
of cases, about 75—80°%, enuresis is primary, i.e. the children have never had 
any longer connected dry period before the commencement of enuresis. Enuresis 
beginning after a dry period of about one year or more, is henceforth called 
pacquired». In about 144 of the cases, bedwetting is combined with daytime 
wetting, and additionally in a number of cases with diurnal frequency of 
micturition and urgency. There is a relationship between nocturnal enuresis 
and encopresis, but this appears to be limited to the cases where bedwetting is 
combined with daytime wetting or diurnal frequency 9. 

Enuresis is by no means a serious affliction in the sense of being physically 
invaletudinary, but it is often the cause of serious mental suffering for the 
affected child and often for its parents. The symptom is the object of gre:| 
interest in the pediatric, child psychiatric and urological fields, and a very 
large number of works have been published on its aetiology and therapy. It is 
true of the majority of enuresis cases that no effective treatment is know: 
It is obvious that suitable treatment demands a thorough knowledge of aetiology 
and pathogenesis. Systematic investigation of the genesis of the various forn.s 
of enuresis is therefore of great importance. 

The nocturnal enuresis symptom is heterogeneous from an aetiologic viewpoil 
and may occur in conjunction with somatic diseases, mental defects and 
emotional stress. Genetic factors are additionally of significance for its man- 
festation. A reliable aetiologic analysis of enuresis is therefore high'v 
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complicated. It should be based on representative series divided into clinical 
sul'-calegories, and adequate control series of non-enuretics. In the analysis of 
saci separate factor, other factors which may affect the result must also be 
kept under control. Since only a few investigators have tackled the problem 
systematically, it is not surprising that opinions are divided as to the aetiologic 
significance of various factors. 

In the following outline the various groups of causal factors will be dealt 
with separately. 


SOMATIC FACTORS 


The significance of somatic disorders as the cause of nocturnal enuresis has 
been the subject of much discussion. As mentioned previously, bedwetting 
which is secondary to gross organic lesions is excluded by definition. Such 
cases are rare. They probably comprise only a small percentage of all children 
who bedwet after the age of three or four, 9,17, 

Among the somatic factors, special attention has been paid to defects in the 
urinary tract. Several investigators who have conducted special examinations 
of the lower urinary tract in enuretics, state that they have found organic 
changes of different kinds in about half the cases 2 * 7 1% 1431, The most 
common disorders are said to be cysto-urethritis, particularly trigono-urethritis 
and verumontanitis, as well as vulvitis. Stenosis of meatus externa and folds 
or valves in the urethra are also said to be relatively common. It is not known 
to what extent these disorders in the urinary tract are of causal significance for 
enuresis. 

It is of interest to note that the changes observed in children with nocturnal 
enuresis are persistently more common in the cases where this symptom is 
complicated with diurnal enuresis 1’. In certain cases, an acquired enuresis 
begins at the same time as an infection of the urinary tract. 

Of special interest are the results recently reported by Kjellberg, Ericsson & 
‘udhe 17 on the basis of comprehensive and thoroughly investigated material. 
his comprises 598 patients with nocturnal enuresis among 1,155 children aged 
ue day to 15 years who were consecutively referred to their laboratory. The 
itients were examined with urethro-cystography during micturition by 

specially devised method. In the cases where examination showed »severe 


mithologic» changes, endoscopy was also carried out. The authors could not 
‘iow any specific organic changes, but they found changes with urethro- 


cystography, described as severely pathologic, in 21° of the children. In 80% 
these cases, pathologic conditions were also observed by endoscopy, in most 
ises in the form of trigono-urethritis. 

Kjellberg and his co-workers also investigated with their method the occur- 
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rence of urethral valves. They found valves, defined as folds in the poste: ior 


urethra, which are a cause of urinary obstruction, in 3.7°, of the patients \ ith 
enuresis. 

Some investigators have made the interesting observation that a numbe: of 
children with nocturnal enuresis discharge greater amounts of urine at ni iit, 
both absolutely and in relation to discharge during the daytime 2°. In a |: ter 
investigation carried out under controlled experimental conditions 79, hi w- 
ever, no difference in this respect could be proved between a group of child en 
with nocturnal enuresis and a control group. The material is limited — it 
comprises 22 enuretics and 24 control subjects —-- but indicates that nocturial 
polyuria is not a common phenomenon in enuretics, if the supply of liquid is 
kept under control. 

Children with enuresis appear on the average to have a lower effective bladder 
capacity than other children, i.e. they tolerate a smaller volume of liquid in the 
bladder. The reason for this is not known. 

Organic defects in bladder innervation are practically without exception 
combined with urinary incontinence 1”. The most common cause is congenit::| 
myelodysplasia in the form of myelo-meningocele. 

Spina bifida occulta is probably of significance as the organic basis of urinary 
incontinence only if it is combined with myelodysplasia and definite disorders 
in bladder innervation or other neurologic symtoms in the same region 1® !", 

The hypothesis prevailing earlier in certain quarters that there is a relationshi)) 
between nocturnal enuresis and epilepsy, and that enuresis in certain cases is the 
only symptom of epilepsy representing a nocturnal epileptic attack, has no! 
gained any support from electroencephalographic studies during noctu: 
nal micturition ™ nor from statistical analysis of the frequency of epilep: 
among children with and without nocturnal enuresis ® 9. In general, it is seldom 
that neurologic or other organic defects are the direct cause of nocturn:! 
urinary incontinence. 

The interpretation of the cause of enuresis from a physiological viewpoii' 
will be discussed later. Here it will suffice to point out that there appears to 
be a connection between nocturnal enuresis and deep sleep, and that childrei 


with nocturnal enuresis to a far greater extent appear to have a dysrhythmic 
E.E.G, & 20, 22, 28 


PSYCHIATRIC FACTORS 


Systematic studies based on representative series of enuretics and contro! 
subjects show that there is a positive relationship between emotional distur- 
bances, behaviour disorders and nervous symptoms on the one hand, and 
nocturnal enuresis on the other. This connection is strongest in cases wher 
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beiwetting is combined with wetting in the daytime ® *. There is particular 
interest in the observation that on the average the duration of enuresis is 
longer in individuals with psychiatric problems than in others 19. 

‘Nocturnal enuresis is not confined to any particular personality structure, 
bu! it has been proved that emotional immaturity is more common among 
children with nocturnal enuresis than among children not having this symptom. 

|.ow-grade mentally defective children are as a rule incapable of learning 
vesical control. Thus Thorne 7°, investigating inmates of a state school for 
mental defectives, found nocturnal enuresis in 84°, of »idiots», compared with 
thirteen per cent among »imbeciles» and 4% among »morons». In general the 
mental level of enuretic children does not differ to any considerable extent 
from that of non-enuretic children ® 1% 1% 2°, Investigations indicating the 
opposite are probably based on selected material. 

it is often very difficult to decide in individual cases whether an existing 
mental disorder is causally connected with enuresis. The problem is least 
complicated in acquired enuresis, which not infrequently appears in conjunc- 
tion with mental disturbances and is, at least in certain cases, certainly a direct 
consequence of emotional disorders in the child. Acquired enuresis, however, 
comprises only a minority, probably not more than 20—-25% of all enuresis 
cases. 

In primary enuresis the interpretation of the connection is obviously con- 
siderably more difficult. The examination of certain social factors (see below) 
and the analysis of individual cases, however, supports the assumption that even 
primary nocturnal enuresis is in certain cases the consequence of some kind of 
emotional stress. 


ENVIRONMENTAL FACTORS 


In the analysis of the aetiologic significance of an environmental factor, 
| statistical examination of representative subjects should first be conducted 
establish whether there exists a connection between this factor and the 
mptom dealt with, in this case nocturnal enuresis. The nature of the connec- 
m is then examined. In certain cases the investigator is referred solely to an 
ialysis of individual cases. Such an investigation may be of value in throwing 
‘ht upon the problem, but is liable to be subjective and may easily lead to 
roneous conclusions. 

The analysis of the role played by the external environment offers certain 
{ficulties in the nature of principle, which are particularly marked with 
gard to environmental pressure during the first years of life; and it is the 
imulus of the environment during these very years that may be of aetiological 
gnificance in primary nocturnal enuresis. First of all these difficulties are 
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a matter of the criterion adopted. Only certain confirmable environmei tal 
data can be defined to any exact degree. Other factors which may be of sigiif- 
icance but which cannot be defined in a satisfactory manner do not per:nit 
of dependable scientific treatment. Next, certain unfavourable environme: (al 
stimuli in the home may ultimately be due to psychiatric disorders in ‘he 
parents. In such cases it may be difficult to determine whether the nervous 
symptoms in the children are primarily exogenously provoked. Furthermcre, 
in a number of cases a behaviour aberration in the child is the primary caiise 
of an unfavourable parent attitude. Finally, it should be borne in mind tliat 
different children are not all affected so strongly by the same environmental 


stimuli. 

A number of works have been published which illustrate the connection 
between enuresis and environment. Examination of representative series inci- 
cates that nocturnal enuresis is more frequent in the lower social strata } 8% !9. 

Acquired enuresis begins in a large number of cases, which in child psychiatric 
series appears to be in the majority, in connection with some kind of emotional 
stress, which probably acts as the precipitating agent. The most common 
factors appear to be the birth of a brother or sister and separation from the 
mother %. It is of interest to recall here the high frequency of enuresis among 
children who were evacuated during World War II * 27. 

A recently published systematic analysis of the occurrence of certain 
unfavourable environmental factors during the first four years of life in a series 
of children with primary enuresis and among their unaffected sibs ® showed 
that the affected children had more often been subject to the following environ 
mental stimuli: broken home, separation from mother, maternal psychiatric 
disorder and unfavourable background, defined on the basis of a subjective 
appraisal of the parent attitude. It is of interest to note that the connection was 
statistically significant only for the group of affected children where nocturna! 
enuresis was combined with diurnal enuresis. Further, the »mother-child sepa 
ration» factor was more common among the solitary cases than among those will: 
a familial occurrence of enuresis. These observations, in conjunction with the 
observations mentioned earlier that similar environmental stimuli can cause ac 
quired enuresis, indicates that even primary enuresis — at least nocturnal enuresi 
when combined with diurnal — in a number of cases may manifest itself as th 
result of unfavourable environmental influences which disturb the emotiona 
security of the child. Individual case histories support this interpretation. 


GENETIC FACTORS 


It is a general observation that nocturnal enuresis often occurs in sever: 
members of a family, but opinions are divided on the interpretation of thi 
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phenomenon. A number of investigators are of the opinion that it can be 
\;lained by genetic factors, others that the cause is to be found in exogenous 
factors. In the latter case the explanation of family occurrences is that the 
ious family members are exposed to similar environmental stimuli. 
in a current examination of twins, the author has found high concordance as 
recards nocturnal enuresis among monozygotic twins, while dizygotic partners 
of (wins with nocturnal enuresis do not appear to be affected more frequently 
than brothers and sisters in general. These observations agree with the hypo- 
thesis that genetic factors are at work. 

\ recently conducted genetic investigation of families ®, based on 203 pro- 
positi with nocturnal enuresis, as well as their brothers and sisters and parents, 


a 


a 


gave the following results: 
In about 70% of the families, enuresis occurred in more than one member 


of the family, and in over 40% at least one of the parents had suffered from 
nocturnal enuresis. On the average, about 30°, of the fathers and brothers of 
the propositi and about 20% of the mothers and sisters had also suffered from 
enuresis. If either of the parents of an affected child was also affected, the mor- 
hidity risk among the brothers was about 40°, and among the sisters about 
\wentyfive per cent. These figures are considerably higher than corresponding 
figures —- 12 and 8%, respectively ~~ for the general population. 

The morbidity risk, as expected, was higher among parents and sibs of children 
with primary enuresis than among parents and sibs of children with acquired 
enuresis. The latter cases also occurred less often family-wise. Otherwise no 
definite connection could be shown between the clinical picture of enuresis on 
the one hand and the familial occurrence of the symptom or morbidity risk 
among parents and sibs on the other. Neither was there any definite difference, 
in respect of the morbidity risk among parents and sibs, between children 
vith and without mental disorders or between children with and without 
infavourable family backgrounds. 

The following observations indicate that the high morbidity risk of nocturnal 
enuresis among parents and sibs of affected children represents the action of 
2enelic factors: 

(1) A high degree of agreement in the morbidity risk of nocturnal enuresis 
helween parent and sib groups. 

(2) A higher morbidity risk of nocturnal enuresis among brothers and sisters 
i families with affected parents than in other families. 

(3) A higher morbidity risk of nocturnal enuresis among parents and sibs of 
hildren with primary enuresis than among parents and sibs of children with 
icquired enuresis. 

Minor mental abberrations in which genetic factors are of significance for the 
nanifestation cannot a priori be assumed to follow simple Mendelian laws. 
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This is due in part to the very fact that environmental stimuli can modify | he 
manifestation. It has not been possible to establish with certainty any defii:te 
mode of inheritance for nocturnal enuresis. The most likely hypothesis, ba: ed 
on empirical data and theoretical evaluation, is that enuresis, in cases wh re 
it is caused genetically, either represents the effect of a dominant major g¢ ne 
whose manifestation is modified by environment and polygenes (i.e. gei es 
with additive effect) or is determined solely by the combined effect of envir« ii- 
ment and polygenes. 


DISCUSSION 


It is justifiable on the basis of current investigations to draw certain concli- 
sions about the aetiology of nocturnal enuresis. The symptom is heterogeneo iis 
from an aetiological viewpoint. It can be the consequence of a disorder of thie 
urinary tract, but this appears to apply only to a minority of the cases. It ‘s 
probably somewhat more common that enuresis is an non-specific neurotic 
symptom, which can be precipitated by emotional stress. There is particular 
reason to search for exogenic factors as the cause when enuresis is acquired, anc! 
when nocturnal enuresis is combined with diurnal enuresis. There is, with a hig) 
degree of probability, a »nuclear group» of cases where enuresis is primaril\ 
genetically determined. Even in this group, which probably includes the 
majority of cases, the manifestation is modified by exogenic factors. 

Our knowledge of the physiology and consequently also of the pathogenesis 
of enuresis is still incomplete. Physiologic examinations of micturition * | 
show that the cerebral control of reflex bladder evacuation is inhibitory i) 
nature. Cystometric studies of enuretics 7!:*4 appear to indicate that thi 
inhibitory control may be impaired in patients with nocturnal enuresis. 

Even other observations already referred to, such as the high frequency © 
children sleeping deeply and with a dysrhythmic E.E.G. among enuretic: 
and also possibly the commonness of certain mental immaturity symptoms 
indicate that enuresis in a number of the cases is combined with som 
disturbance of the cerebral functions. 

If the results of the investigations described prove to be tenable, it is reason 
able to assume that such a lack of inhibitory control over the bladder coulk 
be the symptom of a neurotic reaction as well as of cerebral immaturity. Th: 
latter may well be genetically determined. 

In his review of nocturnal enuresis, in children, Walshe ®° maintains, that th« 
hypothalamus plays an essential part in the regulation of sleep and in the libera- 
tion of the so-called anti-diuretic hormone in the posterior lobe of the pituitary 
and that this hormone is considered to be inactive during deep sleep. Whethe! 
these phenomena have any pathogenic significance for nocturnal enuresis has 
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been established. As has already been pointed out, the published results 


nvestigations are not unanimous with regard to the occurrence of nocturnal 


ol 
po yuria in nocturnal enuresis. 
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Arterial Hypertension in Unilateral Kidney Disease 


M. Sere and K. HarNagEs 


Oslo, Norway 


Three cases are discussed of severe arterial hypertension in childhood caused 
by unilateral kidney disease. In two of the patients, there was chronic pyelo- 
nephritis with secondary atrophy of one kidney, and in the third patien|! 
a narrow segment and also an aneurysma on the renal artery could be demon 
strated by angiography. Following nephrectomy, two of the patients becam: 
normotensive, while the third patient required in addition hypotensive medica- 
tion (reserpine) to get normal blood pressure. 

The importance is stressed of performing intravenous pyelography and. 
if necessary, renal arteriography in all cases of obscure arterial hypertension in 
childhood. The prognosis following adequate treatment (surgical and, in some 
‘ases, medical) is better than in adult patients with hypertension due to uni- 
lateral kidney disease, but not uniformly favourable, about two thirds becoming 
normotensive in large series. 
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Cystic Kidneys in Newborns, Infants and Children 


Per LuNDIN and INGEMAR OLOW 


Gothenburg, Sweden 


sy means of morphological and clinical studies of cystic kidneys from new- 
borns, infants and children, we have been able to classify the malformations 
according to their histological appearance into 5 groups, of which two — 
groups I and II —- are distinct entities. 

Group I comprises kidneys from 9 children in 6 families. Being enormously 
enlarged, these kidneys exhibit a gross spongy appearance and histologically 
the parenchyma, with the exception of a tiny narrow zone next to the cortex 
containing scattered and in part rudimentary glomeruli, is entirely occupied 
hy small, round or elongated cystic spaces. Fully normal nephrons are never 
seen. Both the microscopical appearance and the clinical course (e.g. the 
existence of dry labour) suggest that these kidneys cannot function. Clinically 
these children present, in addition to the distended abdomen, the so-called 
Potter's face, and they expire within a few hours of birth, probably of respira- 
tory insufficiency. Cysts in the pancreas and/or liver were found concomitantly 
with the renal malformation in half these cases. The nature of the malforma- 
tion and its familial incidence constitute strong evidence of a recessive heredity. 

The risk for a family with this recessive gene of having an abnormal child 
is accordingly one in four. The prognosis for the affected child is exceed- 
ingly pessima. For siblings who do not exhibit the clinical symptoms described, 
and who do survive the first day, the risk of their having cystic kidneys is nil, 
hut, in accordance with the above assumption, two thirds of the healthy children 
will carry the gene. 

In practice, this implies that when a case of cystic kidneys of group I has 
curred in a family, the prognosis for subsequent children is reasonably 
favourable, and so the parents, provided they are aware of and understand the 
risks involved, need not be cautioned against having any more children. It 
should be noted however, that the healthy children should be strongly discour- 
ved from contracting consanguinous marriages. 

As regards group II, comprising 10 children in 7 families, the prognosis is 
‘completely different. These children are also born with very large kidneys, 
which often cannot be distinguished from the kidneys in group I other than 
yy the microscopical appearance with areas of intact parenchyma and function- 
ing nephrons. These children may survive the neonatal period, and for some 
lime exhibit no symptoms of their renal lesions. Here also the deformity occurs 
in families, and there is much to suggest that it might be a condition of the 
same kind as the adult, dominantly inherited type of cystic kidney. Although 
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we have not been able to prove this thesis, the fact that the children frequen ' | 
are viable and go on living for quite a time constitutes a sufficient reason 
strongly discouraging a couple from having additional children if they have h id 
a child with kidneys belonging to this group. In our opinion a legal abortion i 
strongly indicated if a mother in such a family again becomes pregnant. 

The other groups were not characterized by any clinical or pathoanatomi::il 
peculiarities. 


Our investigation has shown that the histological relationships must | 
carefully charted before a proper clinical evaluation of a case of cystic kidne\s 
can be made. A simple diagnosis such as »typical cystic kidneys» is in the 
individual case meaningless, and cannot be made the basis of a prognosis f«r 
subsequent siblings. 


Renal Concentration Capacity during Acute, Nonobstructive 
Urinary Tract Infections in Infancy and Early Childhood 


JAN WINBERG 


Stockholm, Sweden 


Six cases have been examined after subsidence of the acute symptoms 
The concentration capacity was found to be lowered in 5. The findings sugges! 
a damage of structures of the nephron responsible for the final adjustment o! 
urine concentration, but whether this damage was localized mainly to dista! 
tubules, collecting ducts, or to both, cannot be elucidated from the presen! 
investigation. It seems probable that such impairment is often present eve: 
in the mild cases of urinary tract infections in infancy, often classified as cysto- 
pyelitis. 

The findings are reported in detail in Acta paediat. 47:635, 1958 and Acta 
paediat. 48:1959. 


On the Prognosis of Urinary Tract Infection in Childhood 


K. V. PARKKULAINEN 


Helsinki, Finland 


During the ten-year period 1946-1955, 234 cases of urinary tract infection 
were treated in the Children’s Clinic. The findings in urological examination 
were as follows: 
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Urological examination females males 


(n the basis of autopsy records, follow-up inquiries and follow-up examina- 
lions, information was gained about 148 females and 41 males: 


Results females | males 


88 20 


recurrent urinary infections ............ A 7 
elevated blood pressure ............630 15 6 
8 10 


Conclusions: A childhood urinary tract infection is accompanied by a con- 
siderable morbidity: recurrent urinary tract infections in approximately 30 
per cent of females and 20 per cent of males, elevated blood pressure in about 
ten per cent in both. Mortality was approximately 6 per cent in females and 
(wentvfive per cent in males. In a high percentage of cases, the morbidity and 
iortality were due to an underlying abnormality of the urinary tract. As the 
symptoms of urinary tract infection, especially in infancy, are vague, the 
catheter urine specimen should be examined in all suspected cases before any 
antibiotic treatment or chemotherapy is given. The efficacy of treatment should 
he checked by repeated catheter urine examinations. In all recurrent cases, 

thorough urological examination should be made. 


DISCUSSION 


P. W. Brestrup, Denmark. — At Gentofte hospital, the general principles for 
‘xamination and treatment seem to be a little more conservative. According to 
review to be published shortly in Ugeskrift for Lager by Dr. J. Lund for 
istance 7 out of 12 cases of reflux (all girls with recurrent pyuria) were treated 
iccessfully by frequent miction alone or triple miction (acc. to Stephens); 
our were operated on (ureteroplastic a.m. Hutch mod.) and all cured. Of 
welve cases of hydronephrosis (4 girls and 8 boys), only one had a nephrectomy 

| our hospital and one in another; the rest were successfully treated by con- 
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servative plastic corrections. Of 5 cases of ureterocele, 2 could be successfu ly 
corrected, 3 (all in ectopic ureters) had hemi-uretero-nephrectomy perform. d. 

The necessity of conservative and expectant treatment of reflux in {he 
ureters is underlined by Dr. Lund’s finding of this symptom in 4 out of 54 
completely normal children with no complaints whatsoever. 


Nocturnal Bedwetting; An Attempt to Treat School Children wi:h 
Banthine and Pro-Banthine 


KNupD WILKEN-JENSEN 


Copenhagen, Denmark 


This paper gives an account of an attempt to treat nocturnal bedwettiny 
in school-children without regard to the aetiology of the disorder, as a number 
of papers have been published with the conclusion that a treatment such as 
Banthine or Pro-Banthine given late in the evening would make it impossible 
for the children to empty the bladder during the night}? 4, If this were 
true, it would be so much easier to search for the aetiology while the patien! 
was kept dry. 

There is no intention of discussing the possibilities of aetiology, the trouble 
this ailment can produce in a family, or all the various forms of treatment which 
have been employed. 

The case material consisted of 95 children from 2 private and one publi: 
schools. In the schools, altogether 2,542 pupils (1,417 boys and 1,125 girls) 
belonged to the lower and middle grades (the first 9 years), and of 54 boys and 
fortyone girls, it appeared from their health charts that they suffered fron 
nocturnal enuresis. 

After the co-operation of their homes and the permission of the family 
doctors had been obtained (because the school physician in Denmark is no! 
allowed to give any kind of treatment) the numbers of wet nights without 
medicine were counted over a period of 5—6 weeks. Thereafter 26 children 
(12 boys and 14 girls) were not taken into further consideration because they 
were wet so seldom that it would be impossible to tell of any effect if the drugs 
concerned should happen to be active. 

Of the remaining 69 children, 42 were boys, and 37 girls. Of these, 23 had 
six to seven wet nights a week, 17 had 4-5 and 29 had 2—-3 wet nights every 
week. The material was divided into 3 unselected groups which were given 
three different kinds of tablets according to the double blind method. In 
group 1, a child started with having tablet No. 1 and was told to have one 
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tai let each evening. If it was found effective, the medication went on for 
six weeks and every dry night was noted on a calendar. If it was not effective 
aficr 3 weeks, 2 tablets of No. 1 were given in the evening. After 6 weeks, 
No. 2 was tried in the same manner, and after another 6 weeks No. 3 tablet 
was given. Group 2 started with tablet No. 2 and so on. 

‘nfortunately the experiment could not be completed with all the children 
because some of them refused to take the tablets as a result of undesired compli- 
calions, some went away to hospital or recreation camp or moved away. 
Finally, only 47 children went through the whole test, but in the statistical 
analysis all the results which could be used have been taken into consideration. 

lhe age and the grades of the children appear in table 1: 


7 8 9 10 12 13—15 
8 10 d3* °6 6 3 2 2 9 3 2 2 2 
ee: earner 18 19 9 4 12 4 3 
School year .... 1 2 3 4 5 6 7 
9 10 12 67 D Al 7 3 5) 3 2 1 2 2 
19 19 6 10 8 3 4 
The complications were noted in 21 patients and are shown in table 2: 
— | Exan-  |Excessive | Aggra- 
fablet| Number | difficulty intestinal in mouth | 
thema sweat vation 
in swallowing] symptoms | and throat} 
| No. 1 7 1 2 2 | 1 1 
i No; 2 4 1 3 
| No. 3 15 7 5 2 | 2 1 


During the period of this clinical experiment, which lasted nearly half a year 
(24 weeks), a close contact with the patients and the homes was maintained, 
mainly by the two health nurses Miss Dorph-Petersen and Miss Refslund 
Poulsen, who were excellent assistants, and at the end the parents were asked 
(o fill in a questionnaire. From the replies, it appeared that in 42 cases some 
effect had been obtained, and for most of the children the result was found to 
he better with one of the tablets only, but there was striking disagreement 
“bout which tablet was the best one. In 20 children, No. 1, which was Pro- 
}anthine, was said to be effective, in 8 cases No. 2, which was a placebo, gave 
‘he best result and finally in 17 patients No. 3, which was Banthine, was 

‘ficacious. All the mothers had been given calendars on which they marked 
he given dose each evening, and a cross in the morning if the bed was dry. 
‘rom the appearance of the calendars, it was sometimes difficult to understand 
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why the parents had found a tablet beneficial, but it must be admitted, howev :r, 
that in some children a definite improvement was obtained, and that coild 
happen with any of the tablets. 

It was striking, though, to see that without regard to which tablet was giv en 
first or last, the improvement generally appeared in the final period of the 
experiment. Thus the effect was claimed by the mothers to occur in the fir st, 
second and third period in 6, 13 and 23 cases respectively. It was therefore very 
fortunate that the children had been divided into 3 groups which started aid 
ended with different tablets. Otherwise the effect of the last tablet mig it 
have been interpreted as proved in comparison with that of the other tables, 
and this would have been unjustified. 

An elaborate statistical analysis has been carried out by Gudmund Rasc},, 
Ph. D. and Arne Nielsen, actuary. At first they made an examination to dete:- 
mine if it made any difference whether one or two tablets were given, and || 
was shown that no significant difference could be found either with boys or 
with girls. It was also found that irrespective of which tablet was given, there 
were fewer wet nights at the end of the period of the experiment. This was ii: 
May, when the nights are shorter, and it was also found that the placebo tablets 
were less effective than the drugs if the children in the test period were take 
out of bed to urinate during the night, especially as far as the girls were con 
cerned. Whether this means that the effect would be more pronounced if the 
drug tablets were manufactured so that they were more gradually absorbed, 
and thus worked during a longer period, has not been elucidated because the 
manufacturer (Searle, who kindly put the tablets at my disposal through thei: 
Danish agent Ercopharm) has not found it worth while to try this alteration 

The conclusion was the disappointing one that no significant effect ascribabk 
to the drug was obtained with any of the tablets (as Mayon-White 3 also found). 
when one or two tablets were given before bed-time and no other precaution: 
were taken. 

Summary: Of 95 school children with nocturnal enuresis 54 were boys and 
fortyone girls. After the co-operation of the parents and the permission of th« 
family doctors had been obtained, the children were given charts on which they 
put crosses for each dry night during about 6 weeks. 26 of the children had so 
few wet nights that they were removed from the experiment. The remaining 69 
children, 42 boys and 27 girls, were divided into 3 unselected groups. Each group 
started with different tablets according to the double blind method, and afte: 
six weeks the next tablet was tried. Thus all the children had Banthine, Pro- 
Banthine and a placebo. After a very careful statistical survey, the resull 
appeared to be that no significant effect ascribable to the drug was obtained 
under the given conditions and with a dosage of one or two tablets at bedtime. 
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DISCUSSION 


A, Biering, Denmark. — We have been taught to regard the phenomenon of 
enuresis nocturna» as a disease. Dr. Hallgren uses such words as etiology, patho- 
genesis, disease sui generis, morbidity risk etc., words that classify bedwetting 
as a pathological condition. According to the definition, nocturnal enuresis is 
present when a child wets its bed after the age of four. This definition cannot be 
understood literally, as this would mean that a lot of normal children would 
be taken ill on their four years’ birthday. But how can it be understood? 

Different children acquire different abilities at very different ages. The 
capacity to stay dry at night is subject to a particularly wide variation. Some 
children get dry at the age of one year; others continue to wet their beds until 
adult age. What entitles us to postulate that it is not quite as normal for one 
child to get dry at ten years of age, as for another child to stop bedwetting 
at the age of one? At any age a certain number of children are bedwetters. 
Their distribution according to age will probably follow a curve, resembling 
half of a normal distribution (Crosby: M. J. Australia 1950, p. 533, fig. 1). 
The actual number at a certain age is difficult to estimate. In a public school 
in Copenhagen, I found 16 children with nocturnal enuresis out of a total of 
131 pupils in the first classes (aged 7 years), viz. 12%. 12 had primary and four 
secondary enuresis. The study will be continued for some years to get a more 
precise estimate; but the order of magnitude is probably correct. It is unreason- 
alle to maintain that all these children are ill. 

nuresis should not be regarded as a disease, but as a social nuisance which 
is due to our civilized way of life, a normal variant, probably a late maturation. 
Several facts are in accordance with this point of view: 

1) The phenomenon itself, 

2) The emotional immaturity which is prevalent among enuretics, 

}) The electro-encephalographic findings which indicate a cerebral imma- 
rity (Gunnarson & Melin: Acta paediat. 40:496, 1951), 

1) The familial disposition. It is quite natural that the children are of the 
same type as their parents. 


6 Acta Paediat, Congress 
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9D) The influence of the environment upon the manifestation. The progressi:in 
of the maturing process is liable to be influenced by the surroundings, which c in 
also cause regression. 

6) Finally, I shall once more call your attention to the age curve whi:h 
makes the establishment of a limit between the normal and the patholo; ic 
quite arbitrary. 

This point of view will cause a much more tolerant attitude towards enures s. 
Much will be gained if we succeed in communicating this tolerance to t'e 
parents. I agree with Klackenberg (Acta paediat. £4:513, 1955) who writ«s: 
»It ought to reduce refractoriness and aggressions and eliminate many of tiie 
problems which civilized man, on account of his foolish zeal, has created around 
a biological function that takes its natural course.» To return to the startiny- 
point, I prefer not to talk about etiology, because there is no disease and consv- 
quently no etiology. 


R. Rinvik, Norway. — During the years 1951—1957, 186 patients in all 
(119 boys — 67 girls) were admitted to the Children’s Department, Ulleval Hos- 
pital, Oslo, for enuresis. It seems to be a hereditary disposition, as more thai 
half of the patients (54%) know about others in the family having wet their 
beds. The social economic condition does not seem to be of importance, as the 
patients come about equally from the different classes of the population. Abou! 
one fifth showed slight psychological deviations, mostly in their homes. Only 
6.45°% were mentally retarded. 

Eeg-examinations were carried out on 159 patients, of which 40 or 25", 
showed changes of dysrythmia etc. 

A follow-up of 122 of these patients, of whom 107 had been Eeg-examine:, 
showed that the frequencies of continued enuresis were about equal in patien'!s 
with normal and abnormal Eeg.-s. 

Of the total 186 patients, 158 were X-ray-examined (urography) and \) 
(5.7%) showed anomalies in the urinary tract (most frequently doubled ureter). 

Conclusions: Enuresis is a manifestation of a developmental anomaly. 
Psychogenic factors are probably secondary. 


P,. Plum, Denmark. — The frequency of enuresis was examined by askin 
medical students to tell in writing whether they had enuresis nocturna at tl 
age of 7 years. This questioning of the students twice gave the result as 5 px 
cent. In two personal examinations of the mothers of children entering scho 
school doctors have found the same figure. As regards treatment, it has becon 
common to believe that it must be psychotherapeutic. I believe that we wi | 
often waste time in trying psychotherapeutic measures in these cases, and thii 
that the psychological treatment is an exercise of the reflex mechanism contro - 


ling urination. 
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1. W. Brestrup, Denmark. — With relation *o the discussion at this meeting, 
Dr. +. Buchmann studied 167 consecutive cases treated at Gentofte Hospital 
dur:ig 1955—56. Details will be published in Nordisk Medicin. 

\\e find mental problems around the child in a great majority of the cases, 
for instance 95 cases of »parent problems», but this does not seem to differ 
giificantly from the situation in a group of normal children carefully studied 
by « staff team. However, school problems seem to be more common in enuretic 
children, and serious problems were recorded in 14 out of 80 school children. 
A further 32 of the whole group applied their intelligence poorly, and in all, 
attempts to correct conditions connected with the school were part of the 


treatment in 33. cases. 
ln our cases somatic diseases exceed the average. 33 had adenoid vegetations 


and sinuitis, and a further 13 had recurrent respiratory infections. A variety 
of pathologic conditions, including epilepsy (4), hemicrania, constipation etc., 
were observed in 29 children. All children had a thorough somatic examination; 
a special family history and psychologic testing of the children was undertaken 
by a psychologist. 

“rhe treatment consisted in the correction of somatic disorders, counselling 
the family and often in temporary placement vfteé child in a new milieu. 

The results are in accordance with a majority of publications. After a mini- 
muin of 1 year of observation 75°, were completely »dry» or definitely improved. 

l‘or further details see: G. Buchmann, Nord. med. 6071493, 1958. 


2}. Hallgren, Sweden. — Whether nocturnal enuresis is a »normal variant» or a 
»pathologic condition» is largely a question of definition. I have preferred to 
call nocturnal enuresis a »disorder» and a »symptom». »Morbidity risk» is a techni- 
cal term which refers to the risk of an individual to manifest a certain charac- 
teristic. 

!:very characteristic, even if it cannot reasonably be described as a »disease», 
naturally has an aetiology. Moreover, it represents the combined effect of 
genetic and non-genetic factors. 

Bedwetting is, as regards the age at cessation, a quantitatively distributed 
variable. There is, however, an accumulation of cases that achieve vesical 
control on reaching puberty, indicating a discontinuity in the distribution. 

‘rom the genetic point of view, quantitatively distributed variables are 
pi sumably multifactorially inherited, i.e. they are due to the combined action 
0! several genes with an additive effect (polygenes). The total variation will be 
th result of the interplay between genes and environment. Nocturnal enuresis 
n iy thus be looked upon as a »physiological» variant analogous with mental 
re ardation, for instance. 

lowever, it is reasonable, from the clinical aspect, to discount enuresis 
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lasting up to the age of adolescence or longer as a »pathological» variant, 
from the genetic aspect, it is probable — also in analogy with mental reta 
tion — that there are cases of enuresis inherited through major genes, i 
may be regarded as a disorder »sui generis». If this is true, the manifeste 
of the major gene would still be modified by polygenes. Accordingly, there sh 
be a not inconsiderable overlap between »physiological» and »patholog 
enuresis. 


P. Plum, Denmark. — I agree with Docent Hallgren that psycholog 


factors are important in some cases. I believe that this is more often the cas 


secondary enuresis. 


J. Winberg, Sweden. 
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A Field Study with Live Attenuated Polio-Vaccine 


S. Garp, M. BoétTTIGER and R. LAGERCRANTz 


Stockholm, Sweden 


\n attenuated but cytopathogenic polio-virus Type I (Type »Chat», Kop- 
rowsky) was used in a field-study. Nineteen families participated each with 
au index-child born in 1956 or later, and with at least one older child. Fifteen 
of the nineteen index-children, eighteen of thirty siblings and four of forty 
adults had no antibodies against any polio-virus before vaccination with Swedish 
formalized virus-vaccine. After two or three injections of this vaccine, all had 
ailibodies against all three types of polio-virus. The index-children were vacci- 
nated perorally with 1 million cytopathogenic units. All became viruscarriers 
and excreted virus during periods of one to more than eleven weeks. No ill 
effects were noted. There was a spread of the virus to ten siblings, but not to 
any of the parents (of whom only four were triple-negative prior to the vacci- 
nation with dead vaccine). All index-children and infected siblings showed an 


alitibody-response to polio-virus Type I two—three months after the vaccina- 


tion with the live vaccine. 

The faeces-strain of virus will be studied and compared in detail with the 
vaccine-strain, to see if there has been a change in the pathogenicity. The 
iidex-children and the rest of the families will be revaccinated with live attenu- 
ated vaccine to see if they are locally immune and the level of their anti- 


bodies will be followed up. 


DISCUSSION 


L. Philipson, Sweden. — A similar investigation was carried out in Uppsala, 
weden, in a nursery-institution, and there was obtained definite evidence of 
higher spread of the live virus vaccine than that reported by Gard et al. 
urther, there is some evidence in published works that an increase in virulence 
‘curs by several passages in primates, i. e. monkeys, which may entail that 
ne live vaccine only should be restricted at the present time to an immunized 
opulation, which has been immunized by a formalin-inactivated vaccine in 


dvance of the live virus vaccine. 
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Immune Globulin Against Vaccinia 


Rotr Lunpstrém and AKE EspmMarkK 
Stockholm, Sweden 


Passive immunization in connection with virus-induced diseases is proba: ly 
of most significance in the prophylactic field. This has been perhaps best noid 
in e.g. measles. It is fairly generally held that little therapeutical help is to He 
expected through passive immunization in already manifest viral conditioiis. 

Kempe and his associates have, however, succeeded in influencing favour- 
ably a case of progressive gangrenous vaccinia, an otherwise fatal vaccin:- 
tion complication which, fortunately, is extremely rare. They employed a gamma 
globulin prepared by Kempe and obtained from the blood of persons who had 
been successfully vaccinated recently. The patient, a boy of 4, recovered. 
Kempe then reported a series of cases treated with this immune globulin, success- 
fully as far as can be judged. 

Preparation of an immune globulin of this type was started in 1955 at the 
State Bacteriological Laboratory. It was made from the sera of conscripts who 
had been successfully vaccinated against smallpox on entering military service. 
The blood was drawn c. 4—8 weeks after the vaccination of the donors. Vesicle 
formation was regarded as a positive vaccination result. The serum fractiona- 
tion was performed by AB Kabi, Stockholm. 

Several cases of complications caused by vaccination against smallpox were 
treated with this immune glubulin. A survey of these cases and a summary 
of the indications and dosage was reported. 

Rapid intervention may lead to a successful outcome in vaccination compli- 
cations. To prepare for such situations, which are fortunately infrequent, it 
may be advisable to set up at strategic points supplies for the treatment of 
one or two such cases. The supplies can then be rapidly distributed when indi- 
cations for the use of immune globulin are present. 

According to preliminary examinations at the State Bacteriological Labora- 
tory, the proportion of antibodies against vaccinia virus is c. 10 times greater 
in this immune globulin than in the ordinary gamma globulin available in 
Sweden, extracted from retroplacental blood. 


DISCUSSION 


T. Salmi, Finland. — Three weeks ago, in the Children’s Clinic, Turku, a girl 
of 1 14 was being treated for vaccinia generalisata received from her brother, 
vaccinated a week earlier. The patient herself had an itching eczema which had 
aggravated the infection. The temperature curve was septic, there was extensive 
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jymphadenitis. The girl recovered without any specific treatment. A similar 
case was reported twenty years ago from the Children’s Clinic in Helsinki: 
a chi:!d with infantile eczema had caught a vaccinia infection and died. Care must 
be e- ercised in inoculating eczematic children and members of a family in which 


one eczema. 


Virologic Aspects on the Upper Respiratory Infections in Childhood 
with Special Reference to Non-Diphtheritic Croup 


LENNART PHILIPSON 


Uppsala, Sweden 


uring recent years, much interest from a virological point of view has been 
devoted to the upper respiratory infections. New viruses, such as adenoviruses, 
croup-associated virus (CA-virus) and some common cold associated viruses 
have been isolated in tissue cultures. The aetiological connexion between these 
viruses and upper respiratory disease has yet not been verified, but several 
reports have appeared which show a definite relation between some types of 
adenovirus and febrile upper respiratory infections. 

In an investigation of the aetiology of non-diphtheritic croup in children, 
there was isolated a virus, probably belonging to the Echo 11. This has been 
called Uppsala-virus (U-virus). This virus was isolated in 30 per cent of non- 
diphtheritic croup children, and serological evidence was received that 40 per 
cent of the children investigated had gone through an infection with this virus. 
Further, some evidence was adduced in transmission experiments in adults that 
there existed a relation between U-virus and non-febrile respiratory disease. A 
separate virologic study of an epidemic of upper respiratory infection in a Day- 
Nursery showed that infection with U-virus had occurred in the children during 
the period of the epidemic. During this epidemic, 4 out of 24 children became ill 
with characteristic croup manifestations. Earlier investigations showed a prob- 
able non-infectious factor to be involved in the pathogenesis of this disease 
apart from the generally accepted infectious one. It has further been shown 
that a primary bacterial aetiology seems unlikely. As regards these results, 
it seems justifiable to assume that the pathogenesis of non-diphtheritic croup 
lay involve an allergic moment, where common respiratory viruses may be 
the sensitizing agent. 


DISCUSSION 


R. Lundstrém, Sweden. — 
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R. Lagercrantz, Sweden. — These interesting investigations have proved ‘hat 
bacteria play a subordinate role in the etiology and course of pseudocr: up, 
However, it must be pointed out in this connection that malignant trac vo- 
bronchitis is not always distinguished clearly from pseudocroup. Trac eo- 
bronchitis is in fact a typical infectious disease the etiology of which is © ten 
Hemophilus influenzae. 

This infection should be treated with chloromycetin. But for ordi: iry 
pseudocroup it should generally be possible to manage without chemother: py. 


L. Philipson, Sweden. — No trial of the antibody content of human y-glob lin 
has yet been carried out. A separation of the acute laryngotracheo-broncl) tis 
from other types of subglottic non-diphtheritic croup seems highly indica! :d, 
but no true correlation between H. infl. type B and acute laryngotrachi:o- 
bronchitis seems to have been proved to exist. In spite of this, in my view 
indications for antibiotic therapy still exist in the non-diphtheritic crop 
syndrome because of the rapid development of bacterial complications in 


some Cases. 


A Rediscovered Etiological Factor in Idiopathic Hypoglycaemia 
in Children 


O. BRoBERGER, I. JUNGNER and R. ZETTERSTROM 


Stockholm, Sweden 


Two cases of idiopathic hypoglycemia in childhood with failure to increas: 
the adrenalin secretion in insulin induced hypoglycemia are reported. T! 
possibility of hypofunction of the adrenal medulla as the cause of the hyp: 
glycemic attacks is discussed. This theory is supported by the fact that bot’: 
children have been completely free from symptoms after continuous ephedri 
medication. To test the validity of the theory, one child with hyperinsulinis: 
due to hyperplasia of the beta-cells of the pancreas, and 5 normal children « 
various ages are investigated according to their excretion of adrenalin aft: 
injection of insulin. 


DISCUSSION 


R. Rinvik, Norway. — The etiology of hypoglycemia is certainly differen! 
Let me report a case: a boy of 4 was hospitalised in a soporific condition, i! 
shock, with blood sugar at 30 mg®%. About 11, days previously he had eatei 
tiger lily seeds. A similar condition is known in Jamaica as »vomiting sickness» 
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it arises in the children when they eat a certain fruit at a certain phase of 
rip ness. In our patient insulin activity was definitely increased 2 days after 
opitalization. 3 days later he was fully normal. 


Eriksson-Lthr, Finland. — 


The Adrenocortical Function in Children 
Preliminary Report 


Torvo Satmi1, Aimo PEKKARINEN and SAARA HEIKKILA 


Turku, Finland 


fhe adrenocortical reserve and the 17-hydroxycorticosteroid excretion in 
children of different age groups have been comparatively little studied. It is 
well known that the hormones are of great importance for the regulation of 
the growth, development and the metabolism of the child. 


MATERIAL AND METHOD 


We have studied the basal excretion of total 17-hydroxycorticosteroids in 
one hundred fortyone children from infants to 15 years of age and the adreno- 
cortical reserve during a 2 days’ ACTH-test (Acton prolongatum. Nordiska 
| 'ormonlaboratoriet, Malm6) in 63 children. We have determined the excretion 
of total 17-hydroxycorticosteroids in urine after injection of 0.55 units of 
depot-ACTH per kilogram of body weight, twice daily during two consecutive 
days. The total 17-hydroxycorticosteroids were determined in the diluted urine 
by a modification of the method of Jenkins ef al. (1955) (fig. 1, 2, 3, 4, 5). 
ihe accuracy of the 17-OHCS method determined in recovery experiments 
‘ith a hydrocortisone standard (20 mg/ml) (Ciba, Leiras, Schering) was 92.: 
ver cent. A standard deviation of two independent duplicates in per cent are 

een in table 1. 

TABLE 1 


DETERMINATION OF 17-HYDROXYCORTICOSTEROIDS IN THE URINE 


Mg per 1000 ml | Dis git Number of analyses 
| | 
2.4 | 30.0 | 354 
6.8 | 16.8 | 326 
12.0 11.6 | 243 
22.6 10.8 | 404 
36.8 | 5.4 | 170 
52.4 3.9 | 70 
68.6 | 2.8 58 
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RESULTS 


( 
I. Basal excretion 
From the first days after birth, the child excretes certain hormones relativ: \y ( 
more than two weeks later (Sami ef al., 1957). They are necessary for its adap} .- 
tion from intrauterine to extrauterine life. They originate partly from the moth: r. 1 
) 
( 
EXCRETION OF 17-HYDROXYCORTICOSTEROI DS 
MG PER 24 HOURS ) 
20 4+ 
15 
10 + 
5 
+ + + + + + + 
1 14 2.7 8.5 6.1 12.5 ADULTS Age 
LAY DAYS MONTHS MONTHS YEAHS YEAHS YEARS 
\ 
Fig. 1. The excretion of total 17-hydroxycorticosteroids into the urine (mg per 24 hours) 
in Ps rent age groups of children pers with the excretion in adults 
The basal excretion of 17-OHCS = -—.—.- 


The average excretion of 17-OHCS durine the first and second ACTH-days = 0o—o—o—o 


92 


93 


Du-ing the first and second days of life 1.0—1.1 mg of total 17-hydroxycorti- 
cos eroids are excreted (figure 1). During the two first weeks, it is 0.3 mg per 
dav. or less than immediately after birth. However, the basal excretion 
disiinishes gradually during the first month. 

‘he excretion increases again during the first year. From the 6th—12th 
mouth it is 1.32 mg per day, or four times as great as in the two weeks old 
children. 

ihe average basal excretion in the 1—6 year (average 2.7 years) old children 
still increases. At the age of 4—6 years it is 3.7 mg, or about 3 times greater 
than at the age of 1—4 years (figure 2). 


EXCRETION OF 17-HYDROXYCORTICOSTEROIDS 
MG PER 24 HOURS 


15 ] 

+ 

> 

+ 

a 

10 + 

a 

+ 

5 
ACTH ACTH ACTH ACTH ACTH ACTH ACTH 
ACTH-DAYS Ps2s 1.2. 1.2. 1.2. 1.2. 1.2. 1.2. 

NUMBER OF TESTS ‘ 

AGE 1-4 1-6 6-12 1-4 4-6 T-10 1-15 
WEEKS MONTHS MONTHS YEARS YEARS YEARS YEARS 


ig. 2. The excretion of total 17-hydroxycorticosteroids into the urine (mg per 24 hour) 
1 different age groups of children as compared with the excretion in adults. 
The basal excretion = the light columns on the left side of each age group. 
The excretion during the first and second depot-ACTH-days = the dark columns in the 


niddle. 


The basal excretion immediately after the depot-ACTH-test = the light columns on the 
ight. 
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In the 7—10 year old children, the basal excretion increases continuou | 
and can even then reach the level of adults, 5 mg. When one considers th :t 
the child’s weight is much less at the age of 7—10 years than that of an adi 


this excretion is relatively big. During the first 8 years of life, the basal exc. e- 
tion follows the weight curve (figure 3). The excretion is on the same level .n 


eleven to fifteen year old children. 


Of the total 17-hydroxycorticosteroids more are excreted per kilogram °f 
body weight in children of all age groups than in adults (figure 4). Per kilogre n 
of body weight this excretion during the first and second days of life is as hi: h 


as in patients after surgical operation (HALME ef al., 1957). At the same tite 
we must consider the greater metabolism, hydrolability and urine volume «if 
children. 

The excretion of total 17-hydroxycorticosteroids into the urine starts 


our material earlier than the excretion of androgenic or estrogenic hormoncs 
(fig. 5) (NATHANSON ef al. 1941, Tatpor ef al. 1943). The increased excretio:: 
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8.3 12.5 ADULTS AGE 
Tay MONTHS MONTHS YBARS YEARS YEARS 


Fig. 3. The excretion of total 17-hydroxycorticosteroids into the urine (mg per 24 hours), 
in different age groups as compared with the length and weight curves of children. 
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The excretion of total 17-hydroxycorticosteroids into the urine (mg per kg of body 


Fig. 4. 
in 24 hours) in different age groups of children. Comparison of this excretion with 


weight 
thal of adults. 

he basal excretion = -- 

‘The excretion during depot ACTH-days = —- — — — 


of androgenic and estrogenic hormones is connected with puberty and sexual 
maturity, and the development of the secondary sexual characteristics. The 
1/-hydroxycorticosteroids are excreted continuously beginning from birth. The 


excretion of 17-ketosteroids increases, however, clearly from the 9th year as 


that of estrogens in girls. Hydrocortisone is an important hormone for 
the maintenance of life during all its periods. A clear individual variation has 


heen observed in the excretion of 17-hydroxycorticosteroids in children. 


!', The Adrenocortical Reserve (figure 2) 
lhe excretion of 17-OHCS during the first month is almost three times 
on the first ACTH-day (1.2 mg) and on the second ACTH-day (1.9 mg) more than 
four times the basal excretion. In this age group several of the children (6 cases) 
‘re prematures. 
Children at the age of 1—6 months have an excretion during the first and 
cond ACTH-days of 2.9 mg and 2.7 mg respectively, about twice the basal 


cretion in the corresponding age group. 
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Fiom the 6th to 12th month the excretion (2.4 mg) is nearly twice as great 
as {| basal excretion during the first and second ACTH-days. 

In ‘he age group 1—4 years, the excretion on the first and second ACTH-days 
(3.5 ng and 4.8 mg respectively) is over two and three times the basal excre- 
tion 

In the group of 4—6 years the excretion on the first ACTH-day is 8.6 mg, 
and on the second 14.1 mg. It is clearly larger than in the previous age group. 
These values nearly correspond to the excretion in adult women with chronic 
rheumatoid arthritis during the first ACTH-day (PEKKARINEN et al. 1958). 
It is interesting to observe the good adrenocortical reserve at the age when 
chiliren show an increased physical and psychical activity. In our material, 
there have been only 5 children belonging to this age group. 

li the 7—10 years age group the excretion during the first ACTH-day is 
10.7 mg, and on the second 12.7 mg or about twice as much as the corresponding 
basal excretion and, on an average, also larger than in the previous age group. 

li the 11—15 year old children, the excretion during the first and second 
ACTH-days, 14.5 mg and 13.4 mg, is more than twice the basal excretion. 
Both in this and in the previous age group the average excretion of the two 
AC | H-days nearly corresponds to the excretion in adult women in the same test. 

The adrenocortical reserve in children increases with age remarkably clearly 
eveii in the 4—6 year old children, just as the basal excretion of the total 17- 
hydroxycorticosteroids, and partly follows the length curve of the children. 
The size of the adrenocortical reserve is, however, in our material characterized 
by « considerable lability during the whole childhood, as well as many other 
biological phenomena in children. The excretion of total 17-hydroxycorticoster- 
oids during the second ACTH-day does not increase in the groups of children 
as clearly as it does in the group of adults. This indicates the smaller 
total adrenocortical reserve in children. In adults we have found (PEKKARINEN 
el u/, 1958) a continuous increase in the excretion of total 17-hydroxycorticoster- 
oids also during the three consecutive ACTH-days. 


SUMMARY 


he basal excretion of total 17-hydroxycorticosteroids has been studied in 
urine altogether in 141 children from infants to 15 years of age and the adreno- 
cortical reserve during a 2 days intramuscular ACTH-test of 0.55 units of depot- 
ACTH (Acton prolongatum. Nordiska Hormonlaboratoriet, Malm6) per kilo- 
grom of body weight twice daily in 63 children. 

suring the first and second days of life 1.0—1.1 mg of 17-OHCS are excreted. 
Th. basal excretion diminishes during the first month and increases during the 
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first year. At the age of 4—6 years it is 3.7 mg. At the age of 7—10 years the } asal 
excretion can reach the level of adults, 5 mg. 

The excretion of 17-OHCS of ACTH-days during the first month is ali.iost 
three to four times and at the age of 1—4 years two to three times the }:.sal 
excretion. The adrenocortical reserve in children increases with the age 
remarkably clearly as early as in the 4—6 year old children and approx:ma- 
tely follows the length curve of children. In the group of 4—6 years the average 
excretion is during the first ACTH-day 8.6 mg and the second ACTH-day 
14.1 mg, clearly bigger than in the previous group. At the age of 7—10 ycars 
it is during the first ACTH-day 10.7 mg and during the second ACTH-day 
12.7 mg and in the 11—15 year old children 14.5 mg and 13.4 mg respec- 
tively. Per kilogram of body weight the basal excretion has been higher in 
children than in adults. 
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Epilepsy in Children. 
A Clinical and Roentgenological Study 


Marit SKATVEDT, SIGuRD EEK and Opp GARDBORG 


Oslo, Norway 


{his study is based upon investigations concerned with 360 children suffering 
from epilepsy, made over a five-year period from 1950—1955. 200 were in- 
patients and 160 out-patients, and they ranged in age from 0—14 years. 188 
were boys and 172 girls. Succesful pneumo-encephalographic (PEG) investi- 
galion was carried out on 165 in-patients. 


Summary and Conclusions: 


1. Of probable etiologic importance were following data: Seizures had occured 
in the families of 28.7% of the 360 patients. 24% had a birthweight over 4000 gr. 
against 14% in the normal Norwegian population. Prematurity occured in 9.5% 
and pathologic birth and perinatal complications in 15.5%. 

2. 60% of the 165 pneumo-encephalographically examined patients suffering 
from epilepsy had pathological changes in their brains varying from slight to 
extremely severe. 

3. The earlier in life the seizures started, the more frequent and severe were 
the pathological PEG findings. Thus 80%, of the children where seizures started 
before 2 years of age (in all 88 patients) had abnormal PEG findings. 

4. There is no clear correlation between the severity and extent of the epilepsy 
and the demonstrated brain injuries. Extensive pathological brain changes can 
he followed by a mild form of epilepsy and vice versa. 

5. There is a similar lack of correlation between the PEG and the electro- 
encephalographic findings in these epileptic children. 

6. In 40% of our patients where the PEG was pathologic, no etiologic factor 
causing brain injuries was found. It is reasonable to suspect that the damage in 
tiany cases had occured during intrauterine life, as the symptoms were notice- 
able soon after birth. 

The conclusion drawn from our investigation is that when epilepsy starts 
carly in childhood a surprising number show organic brain injuries. 


DISCUSSION 
P. Plum, Denmark. — (Questions Dr. Eek.) 
(1) What is the PEG like in hereditary conditions? 
(2) What is the PEG like in petit mal? 
(3) Is it possible to indicate a correlation between the PEG and the course 
{ the disease? 
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S. Eek, Norway. — (Replying to Prof. Plum.) 
Ad. 1. Patients with seizures in the family: Their PEG was the same as in | ie 
material as a whole. 

Ad. 2. PEG in petit mal: Only one patient was examined, and showed 
normal PEG. I have consequently no experience here. 

Ad. 3. The therapeutical results in patients with serious brain chan: : 
demonstrated by the PEG were the same as in patients with minor cereb 


changes or in those with a normal PEG. 
If patients with marked PEG changes also had neurological symptoms | 


prognosis was poorer for the epilepsy too. 


M. Skatvedt, Norway. — We have registered petit mal only in patients wi 
short absences and 3/sec. bilateral synchronous spikewaves in the EEG. Son 


children have absences plus grand mal with 3/sec. spike-waves, others a cortic 
spike-focus + 3/sec. spike-waves. The group »pure petit mal» diminishes steadil: 


Cardiopathy in Friedreich’s Ataxia 


CLAES THOREN 


Stockholm, Sweden 


Friedreich’s ataxia is a heredofamilial, degenerative nervous disease with 
a monohybrid, recessive autosomal mode of inheritance. The fact that it may 
occasionally be connected with a heart disease has often been overlooked. 
From a patho-anatomic point of view a chronic and progressive myocarditis 
has been ascertained, involving diffuse, interstitial fibrosis, focal muscula: 
necrosis, sparse inflammatory manifestations, and an undamaged endo- a: 
well as pericardium. Fatty degeneration, sclerosis of the coronary vessels 
(NapAs 1951) and fibroelastosis (SopERON 1958) have also been reported. 
observations that slightly confuse the pathologic picture. 

Various murmurs have been noted and interpreted as functional. X-ray 
discloses a moderate cardiac enlargement. The cardiac symptoms may pre- 
dominate to an extent that renders the nervous disease recognizable only 
secondarily. Subjective cardiac symptoms are noticed only in the late stages 
when decompensation and arrhythmias are the most conspicuous. Since the 
thirties, characteristic ECG-abnormalities have been recorded, representing the 
most common evidence of cardiac involvement. 

Evans, in 1949, suggested, in the course of his studies of familial cardiomegaly 
without neurologic disease, that isolated cardiopathy might occur in families 


| 
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FRIEDREICH’S ATAXIA AND CARDIOPATHY 


Pedigree of a family 


t 
Male Female 
@ neurological + myocardial disease 
@ myocardial disease only 
@ cardiological remarks, probably not pathological 
© uncertain walkingdisturbance in youth 
O unaffected 


~ Cardiovascular and neurological examination 
proband 


Pig. 4. 


with Friedreich’s ataxia. Further suspicion of this has emerged later, though 
stopping at mere assumptions (MANNING 1950, SOBERON et al 1955). 

\ family with not less than four intermarriages is demonstrated (Fig. 1). 
four boys are suffering from Friedreich’s ataxia with cardiopathy. They show 
different stages of development, as can also be followed in the ECG. S-T and T 
wave changes can be provoked, or further emphasized, during exercise. In 

v0 of these cases the ECG led to the diagnosis of the basic disease. The ECG 
vo! the eldest boy, now 16 years of age, has been followed for 13 years. The 
‘anges show early progression and later a slow regression. Phonocardiographic 
- udies are presented. In 3 of the cases almost identical murmurs are registered 

ver the pulmonary region. This is a high-frequent, fairly strong end-systolic 
iurmur, which has a certain stenotic appearance. The second sound is clearly 
plit. The murmur is markedly accentuated during exercise and gives rise to 
irill. This strengthening of the murmur remains even when the original heart 
equency and duration of the systole has been restored. In the eldest boy 
murmur was registered earlier that was interpreted as a definite pulmonary 
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stenosis. This had almost completely disappeared and instead, as a sign 
cardiac dilatation, a pathologic gallop rhythm of the third sound was register -d. 
In this family there are two cases (aged 14 and 32) showing only signs of 
myocardial damage. Distinct ECG changes occurred, and in one of th m 
also cardiac enlargement and a moderate systolic murmur. The cardiolo ‘ic 
investigation included exercise ECG as well as determinations of the physi al 
working capacity, the blood volume and the heart volume. Serum transamina: es 
and lactic acid dehydrogenases were determined repeatedly, but gave normal 
values even in the 2 cases that revealed an ECG progression in process. 
These two cases of isolated myocardial degeneration which have been demci- 
strated here may be said to confirm earlier assumptions. There is no doubt that 
the disease requires a homozygote genotype. The remarkable combination of 
degeneration in 2 quite different organ systems will necessarily engage several 
enzyme systems governed each by its own autosomal gene. In all likelihood, 


only one gene is defective in the purely nervous disease. The combination, which 
is reported in 30% (Evans and Wricut 1942), would need another defective 
gene. Moreover, the latter defect might just as well occur by itself. This form 
of the disease has probably been disregarded earlier. Some of the cases of 
myocarditis which have previously been termed unspecific or idiopathic may 
have been genetic. It is conceivable, in the most lenient forms, that patients 
suffering from isolated cardiopathy may be heterozygotes and represent the 
actual carriers. 
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Problems of Nutrition in Infancy 


Biochemical and Clinical Aspects 


O. MELLANDER and B. VAHLQUIST 


Gothenburg and Uppsala, Sweden 
Vill in part appear in the commemorative volume to Professor Gino Frontali. 


DISCUSSION 


X. Wilken-Jensen, Denmark. — I wish to congratulate Prof. Vahlquist and 
his co-workers on the interesting investigations and the beautiful results obtain- 
ed. From my point of view, it would be of interest to know if they have any 
information about the number of allergic diseases in the two groups. Prof. 
Glaser from Rochester, New York, claims that by giving soya bean milk instead 
of cow’s milk to children of highly allergic families, he has obtained a significant 
difference in the occurrence of allergic disturbances in comparison with the 
occurrence in siblings fed with cow’s milk. 

id you find any difference between the breast-fed and the artificially fed 
children as regards allergic disorders? 


B. Vahlquist, Sweden. —- We cannot count on our investigation material to 
throw light on the frequency of allergic conditions. Glaser’s investigation has 
heen severely criticized. It is retrospective and there does not seem to have been 
any representative control material. It appears to be a serious thing to advocate 
without any convincing evidence such a radical and potentially risky measure 
as the early introduction of soya »milk» as a milk substitute. . 


Prepuberty 


E. THAMDRUP 


Copenhagen, Denmark 


Puberty represents the dividing line between the period of pubescence and 
the period of adolescence. Puberty is often used synonymously with the me- 
irche. Prepuberty is here used as the period starting with the growth accelera- 
mn of the gonads and ending with puberty. 
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The somatic development during prepuberty 


The somatic development in prepuberty is characterized by an accelera ed 
growth of the body, and particularly of the reproductive organs. 

On account of the great individual variations in the somatic developm: nt 
during this period, cross sectional studies often present an incomplete pict: re 
of the development, while longitudinal studies i.e. investigations where (e 
same children are examined with short intervals during their growth, are m: re 
reliable (5). 

It is shown that the growth acceleration during prepuberty becomes comp io- 
mized in a material based on a cross sectional study. 

The development of the reproductive system during the prepubertal period 
is characterized by growth of the genital organs and development of tie 
secondary sexual characters (cf. fig. 1). There are considerable individual vari:- 
tions within the limits of the normal development. This applies not only to thie 
age when the development starts, but also to the rate of the developmeit 
and the order in which the different sexual characters appear. 


Girls Age in years Boys 
Growth of ovaries 8— 9 
Vaginal changes: 9—10 


1. oestrogenization of epithelium 
2. Déderleins bacilli 

3. pH from 6—7 to 4.5 

Breast development 


Pubic hair 10—11 
Demonstrable genital growth 11—12 Growth of testicles 
Pigmentation of areola 12—13 Growth of penis 
Maximal height growth Prostatic activity 
Apocrine sweat glands Pubic hair 
Axillary hair 13—14 Transitory breast devel 
Menarche opment 
Apocrine sweat glands 
14—15 Maximal height growth 


Voice changes 
Axillary hair-Moustache 


Fig. 1. Pattern of normal (average) somatic development during prepuberty. 


The most important features in the somatic development during prepuberty 
the growth acceleration and the sexual development, are so closely combined (4 
that they are presumably released by the same physiological mechanism 
initiated by the development of the gonads as a response to the emission 0 
gonadotropic hormones from the pituitary gland. 
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|) sring prepuberty gonadotropic and gonadal hormones can be found in the 
uri: in considerable amounts. The increased urinary excretion of gonadal 
horinones can be demonstrated about one year earlier than the excretion of 
gonidotropic hormones. This discrepancy may be explained by insufficient 
me!iods of analysis or perhaps by an increased function of the suprarenal 
coriex during the first phase of prepuberty. 

Animal experiments tend to show that the emission of gonadotropic hormones 
froi the pituitary gland is started from the hypothalamus (2). 


Factors influencing the somatic development during prepuberty. 


As the menarcheal age is so intimately associated with the other links of the 
sexual development, the results from menarcheal studies may be transferred 
to the development in prepuberty as a whole. The menarcheal age in a popula- 
tion is distributed according to the Gaussian curve (1). 

(Genetic factors. The importance of the genetic factors is most clearly demon- 
strated by the difference in age at the onset of puberty in the two sexes, but 
hereditary factors seem to influence the age of puberty, independent of sex. 
This transpires from studies of the menarcheal age in identical and non-indent- 
ical twins (3, 6). 

The rate of development of puberty and the sensitivity of the endorgans to 
the sex hormones are probably also dependent on genetic factors. 

External factors. Studies of the menarcheal age variations in the different 
economic classes of the community point to the fact that the menarcheal age 
is influenced by external factors, primarily nutrition and weakening diseases. 

During the last century, the menarcheal age seems to have fallen from the 
age of 16—17 years to 13—14 years in all the Scandinavian countries. Although 
the older methods of examination are encumbered with considerable 
uncertainty, it is probable that a marked decrease in the menarcheal age really 
has taken place, as the adolescent growth acceleration of the children, so closely 
related to the menarcheal age, also starts at an earlier age. Both phenomenons 
are probably caused by external (nutritional-social-hygienic) factors. 

Racial and climatic factors are apparently of little or no importance in 
comparison with the sociological and nutritional circumstances. 

Endocrine diseases. The effect of these disorders depends on the affected 
eidocrine organ and its influence upon the development of puberty. 

The clinical manifestations may be characterized by precocious puberty, 
hy sexual infantilism, and by an incomplete or abnormal development of 
| tberty. Cerebral disorders influencing the hypothalamus and diseases in the 
| tuitary gland, the gonads and the suprarenal cortex may represent the 
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Abnormal sensitivity of the endorgans, primarily the mammarian tissue ind 
the hair follicles, tend to provoke an isolated premature development of the 
mammary glands or the sexual hair. 

Finally, the importance of continued longitudinal growth studies on chilc ren 
has been emphasized, preferably in centres where biological and biochem cal 
metabolic studies may form a part of the research programme. 
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DISCUSSION 


K. Kaijser, Sweden. — An investigation of the occurrence of gonadal dys- 
genesia (Turner’s syndrome) in Sweden, currently being undertaken in co- 
operation with Enell at Boden, with Séderhjelm at Skelleftea and with Kaijser 
at Eskilstuna, shows a considerable accumulation of cases in the northern paris 
of the country. It seems probable that this is dependent on genetic factors 
which manifest themselves more in the northern parts of Sweden where pop 
lation movements are not yet as great as in the other parts of the country. 

It would be interesting to obtain information on these conditions in the othe 
Nordic countries. 


Factors Affecting the Somatic Development of the Child: Socia! 
Environment 


HoLGerR HUuLtTIN 


Helsinki, Finland 


The somatic development may be divided into two parallel concepts, that is 
growth in itself, which means increase in mass, and development, which i 
defined as increase in complexity. These two growth processes will be discusse: 
together, because of the continuous two-way effect they have upon each othe! 
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wth and development depend on genetic and environmental factors. 
wial environment of the child is part of the latter group. 

social environment consists of a social and an economic component, 
two are completely interdependent in this connection. The social compo- 
i{ the environment is regarded as related to the association of man with 


nen 
his |: low man, and since economic life is a chief determinant of social existence 
in or society, it seems appropriate to consider these together. The pure social 


envionment may, however, not always follow the economic status, especially 
whe the level of education is the determinator of social acceptance. 

I: the following, the author describes a number of conditions of the child, 
in order to establish their ill effect upon normal growth and development. 
Thus it will be possible to find, indirectly, criteria of the influence of the social 
en\ ronment upon the somatic development of the child. 


A. Disease 


SYDENSTRICKER gives a broad classification of some of the social and economic 
factors that might be involved in health and disease. Almost any kind of 
disease tends to interfere with continuity of growth, depending perhaps more on 
duration of illness than on severity. (LEAVELL, CLARK & al.) 

According to published works, there is a clear association of illness with low 
income, of disability with poor economic status, of specific disease mortality 
and infant mortality with poverty. 

‘he problem of children of working mothers is discussed in more detail, and 
the latest figures from Finland are given. (See: Social facts about children in 
Fiiland, Publication n:o 28 of the Central Union for Child Welfare in Finland). 

(he incidence of disease is higher among children in day care than among 
those taken care of in their own homes. This is with the exception of children 
coming from the poorest social surroundings. (FRISELL; NORDENFELT; BJuG- 
GREN, KRAEPELIEN & LIND; WEGELIUS). Children under 2, when taken care of 
by different persons, often show a retardation of the somatic development, 
without signs of any known disease. 

lhe demand for hospital beds was investigated in Helsinki 1953—54 by 
V. RANTASALO & H. VALPoLA. The material, consisting of infants and children 
under 15 years, was divided into 4 categories according to the socio-economic 
status of the parents. It was shown that the demand for hospitalization due to 
infectious diseases was greatest in the two lower social groups, and this was 
particularly true of the 0O—2 yrs age group. 
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B. Retardation of Increase in Weight and Height as a Result of Poorer S: cial 
Environment 


Reference is here made to the thesis of Karr1 MALMiIvaAara, dealing °-ith 
the weight and height increase of infants and children under 14 in Hels:nki 
during the second World War. In this publication, there is given a compre’ :en- 
sive summary of investigations carried out to find the correlation between so -io- 
economic status and growth in height and weight of the child. As a brief con. lu- 
sion of these studies, it may be said that although the genetic factor is in the 
first hand responsible for the growth of an individual, the Social environm: nt, 
however, has a very important influence upon the rate of growth and thus 
upon the end result. If the socio-economic status is bad, the negative effec! on 
the growth and development is inevitable, and here the deficient nutrition is 
perhaps the main factor. 


C. Prematurity 


Prematurity is a growth-disturbing factor of the first degree. According to 
an investigation carried out in Great Britain in 1946, there is a significant 
correlation between birth weight and social status. The rate of premature 
births is the higher, the lower the socio-economic status. The same is true of 
housing facilities. With a decreasing social environment comes an increasing 
frequency of pregnancies. The risk of a premature birth is at a minimum 
with an interval of 2 to 6 yrs between the pregnancies. (J. W. B. DouGtas). 

In the U.S.A., the Negro infant tends to have a lower birth weight than 
the White newborn. The corresponding figures are about 2,350 g (Negro) to 
2,500 g (White) (Scott, JENKIns & CRAwForpD). It has been thought that this 
is due to a genetic difference of races, even though this has not been proved. 
With a rising socio-economic standard of the Negro population in the U.S.\. 
this difference in birth weight has started to disappear, and in any case thus 
appears to be of environmental origin. (C. A. Smirn). 


D. Infant and Child Mortality 


The ultimate, fatal consequence of a negative influence upon the growih 
and development is the death of the child. 

Mention is here made of the Public Health measures which are possible ‘n 
order to reduce the mortality rates, but it is also pointed out how the rising 
standard of living, with a higher socio-economic status of the population, brings 
with it the hazard of death in traffic. The leading cause of death among our 
children is constituted by accidents of various kinds. 
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E. Caries 


he incidence of caries in the child population, and the social environment, 
sho w an inverse association. This statement is made with a number of important 
reservations. The lower incidence of caries in children of poor social circum- 
stances, does not, however, put these children in a better position compared 
with their more well-to-do fellow children because of the neglected dental care 
in the first instance. The result is that in spite of a lower incidence, caries inter- 
feres with normal growth mostly in the lower socio-economic population group. 


As a summary of the above criteria in relationship to the social environment 
of the child, it can be said, that the quality of this environment usually shows 
a direct association with the somatic growth and development of the child. The 
lower the socio-economic situation, the higher the number of adverse effects 
upon the growth. 

Furthermore, it is true that high economic status, and a rising standard of 
living, do not as such assure good health, since some people with ample income 
may purchase goods and services that impair health. 


DISCUSSION 


H. Lichtenstein, Sweden. — The social milieu is of great significance for the 
functional development of the child. 

The Swedish social classification is not adequate for compiling the results of 
our longitudinal study and we have employed the 5-point scale worked out by 
Professor Graffar, Brussels. We have also endeavoured to construct a social 
profile using Graffar’s scale. 


Iron Requirements in Infancy 


M. SEIP 
Oslo, Norway 


Studies on the amount of stainable iron (hemosiderin) in bone marrow 
punctates from healthy infants indicated that the congenital iron reserves are 
usually adequate to meet the demands for about 4 months after birth in full 
term babies. From this age, the stainable iron disappears from the bone marrow, 
as a sign of threatening or fully developed iron deficiency. 

A large series of »healthy» infants on a diet with a calculated iron content 
of 3 mg./day at 6 months, increasing to 6 mg./day at 12 months of age, showed 
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a marked drop in mean hemoglobin levels from 5 months of age. Fullblown i: or 
deficiency anemias were not at all rare, and mild hematologic signs of i: on 
deficiency were extremely common. With a greater iron intake, there can je 
prevented the secondary decrease in hemoglobin levels from about 5 mon ‘is 
of age. 

The recommended daily allowance of 6 mg./day (National Research Coun: :|) 
will for many infants be insufficient to prevent iron deficiency. As, on tie 
average, less than 10 per cent of food iron is absorbed by healthy infants, | i¢ 
daily intake should be as high as 10-15 mg. This is best obtained by the adi i- 
nistration of adequate quantities of vegetables, meat, liver, and enriched cere: |s 
from the fourth month of life. 


DISCUSSION 


B. Vahlquist, Sweden. The problem introduced by Seip is a timely on:. 
Lichtenstein and his associates made important contributions to it. It can no: 
be said that all the evidence goes to show that from six months of age the chil! 
suffers for a long time from iron deficiency, often latent but sometimes obvious 
in lowered hemoglobin values. The latter observation was a frequent one ii) 
Sweden when I made my investigations at the beginning of the 1940s. It ma: 
be that the frequency of a manifest iron deficiency varies in the different Nordi: 
countries. Further examination of the suggestion put forward by Seip migh 
be justified in any case. 


C. Friderichsen, Denmark. — The investigations of Professor Vahlquist an‘ 
Dr. Seip confirm a clinical observation which I made some forty years ago whe 
I experimented with Lichtenstein’s therapy with large doses. If large doses o! 
iron were given to a child suffering from anorexia, discomfort and poor weigh! 
gain but with a normal hemogiobin, the weight increased considerably thoug] 
exactly the same diet was maintained. 

I believed at the time that the iron functioned as a catalyst in digestion. W: 
have been shown today what happens in the organism. I have always employed 
iron prophylactically and learnt to give it in parallel with ADC vitamin. It is 
my definite impression from a nursery that infections are fewer among th¢ 
children given iron prophylactically. 


|_| 

fi 
tl 
O 
tl 
al 

} 

A 
ne 
p 
8 


General Meeting of the Northern Pediatric Association 
on July 2nd, 1958. 


On behalf of the former Secretary General, Dr. ARNE NJA, who was unable 
to allend the meeting. Dr. H. HAGELSTEEN, Norway, gave an account of the 
financial status of the Association. 

‘| he General Meeting voted unanimously to adopt changes in the Statutes of 
the \ssociation as proposed by Dr. Justus Srrém, Sweden, at the meeting in 
Oslo in 1954. The statutes in their present form are published as an appendix 
to these proceedings. 

As the passing away of Professor Y. AkERREN, Sweden, had left his seat on 
the Board vacant, and after the retirement of Professor P. Hre1n16, Finland, 


and Dr. A. NyA, Norway, the following new Board was elected: 

Denmark: Finland: 

P. PLum C.-E. RAtHA 

A. RoTHe-MEYER T. SALMI 

O. ANDERSEN N. HALLMAN 

<. W. FLENsBorG (Secr.) B. LANDTMAN (Secr.) 
Norway: Sweden: 

L. SALOMONSEN S. SIWE 

A. SUNDAL J. 

R. RInvik B. VAHLQUIST 

H. HaGELSTEEN (Secr.) J. Linp (Secr.) 


As Auditors of the Association were elected: 


Denmark: E. GJorup 
Finland: S. LAaHDENSUU 
Norway: Hanna BERGHOFF 
Sweden: B. BRoMAN 


On the motion made by the Board, the general meeting decided unanimously 
to make Professor Nits MALMBERG, Sweden, an honorary member of the 
Association. 

On the motion made by the Board, the General Meeting decided that the 
next congress be held in Copenhagen in 1961. Professor P. PLum was elected 
president of the next congress. 

‘he President, Professor C.-E. RAtHA, closed the meeting. 


8 — Acta Paediat. Congress 
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SCIENTIFIC EXHIBITIONS 


| 


INDEX OF SUMMARIES 


dhe scientific exhibitions were divided into the following subdivisions: 


A. Physiology and Biochemistry (No. 1— 6) 


Bb. Growth and Development (» 7— 9) 
Newborns. Prematurity ( » 10—17) 
D. Hematology ( » 18—24) 
{. Cardiology ( » 25—31) 
F. Urology ( » 32—35) 
G. Psychosomatic Problems ( » 36—37) 
H. Endocrinology ( » 38—44) 
I. Bones and Joints ( » 45—49) 
K. Infectious Diseases ( » 50—51) 
L. Miscellaneous ( » 52—56) 


1. F. ApAms, E. Benatsson, H. BERVEN, M. BORJESON, I. ENGSTROM, D. Ikkos, 
B. Jonsson, P. KARLBERG and S. KRAEPELIEN (Sweden): Determination 
by Means of a Bicycle-Ergometer of the Physical Working Capacity in 
Children. 

2. J. GHESQUIERE (Belgium): Relationship between Physical Ability and 
Growth in Children. 

3. PAAvo MAKELA and Jount PurRANEN (Finland): The Determination of 
the Water Content of Biological Samples by the Karl Fischer Method. 

Paavo MAKELA, Eric WALLGREN and (Finland): 
A Method for the Continuous Recording of Movement. 

>. Yrs6 PARTANEN (Finland): Autoradiographic Studies on the Distribution 
of [#81 Labelled Proteins in Living Human Fetuses. 

(. J. K. Visakorpt, J. PURANEN and ANNA-LiisA PURANEN (Finland): The 
Analysis of Amino-Acids by High-Voltage Paper Electrophoresis. 

P. KARLBERG, G. KLACKENBERG, I. KLACKENBERG-LARSSON, H. LICHTEN- 
STEIN, I. SVENNBERG and A. WALLGREN (Sweden): A Longitudinal Study 
of Children’s Biological Development in a Modern City Community. 

S. HALLMAN, Arvo LEHTOVAARA, KALEvI Koski, RitvA TurISALA, 

LEENA JARVINEN and JOHANNES HaatTaJA (Finland): Investigation on 
the Development of Finnish Children. 

Matt1 Dant (Finland): Concerning the Postural Faults of Elementary 
School Children in the Town of Turku, Finland. 

P. G. Kocn, G. WALLGREN and F. GEUBELLE (Sweden): Re- 
spiratory Studies on Newborns. 

JonaN TALLevist and C.-E. RAHA (Finland): Estimation of Metabolism 
in the Newborn. 
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12. Prrkko LAnESMAA and PANu VILKKI (Finland): The Iodine Content of 
Human Milk in Finland. 

13. H. R. NEVANLINNA (Finland): A Case of Foetal Bleeding into Maternal 
Circulation. 

14. C.-E. RAHA, C.-E. JoHANSON-UNNERUS, J. LInp, U. WEGELIUus, A. BAck- 
MAN, J. KiHLBERG and P. Vara (Finland, Sweden): To What Extent 
Can Prematurity Be Prevented? 

15. A. Maui, M. Kunnas and K. Vuorinen (Finland): An Examination of 
Premature Children in the Years 1955-—1956. 

16. Paavo RutH WEGELIUS, KErtTru LounHiIvuori and MARIANNE 
BerGrotu (Finland): The Results of the Care of Premature Infants at 
the Aurora Hospital during the Years 1954—1957. 

17. MarsattTa Kunnas (Finland): The Growth in Length and Weight of Pre- 
mature Children during the First Year of Life Taking the Period of 
Gestation into Consideration. 

18. Tuomas PELTONEN and Saara HEIKKILA (Finland): A Case of Panmyelo- 
pathy Caused by Chloramphenicol in a Girl One Year and a Half Old. 

19. SAarA HEIKKILA and Tuomas PELTONEN (Finland): A Case of Congenital 
Aplastic Anemia. 

20. R. GRAsBEcK and IJ. Kanrero (Finland): A Case of Juvenile B,,-Avitamin- 
osis. 

21. Kaisa LAPINLEIMU and Rutu WEGELIuS (Finland): The Intestinal Absorp- 
tion of Orally Administered Trivalent Iron. 

22. H. R. NEVANLINNA and Eero IkKALA (Finland): Haemophilia in Finland. 

24. Tuomas PELTONEN and ANNA-LiisA PyNNONEN (Finland): The Incidence 
of Leukemia in Finland during the Period 1936—56. 

25. V. Eskerup, FR. THERKELSEN, I. BoESEN and J. Linp (Denmark, Sweden): 
Intimal Changes in Pulmonary Vessels in Congenital Heart Disease in 
the First Years of Life. 

26. D. Ikxos, J. Hanson, C. CRaroorp and C. O. OvENrors (Sweden): Isolated 
Pulmonary Stenosis before and after Surgery. 

27. BJARNE MERRILD (Denmark) and JoHn Linp (Sweden): Electrocardio- 
graphic Criteria for Enlargement of the Right and the Left Ventricle in 
Children under the Age och Two Years. 

28. B. Lanptman, L. Hyer and E. K. AHVENAINEN (Finland): Pathology o! 
Congenital Heart Disease. 

29. Leo HirvonEN, JoHN Linp and Tuomas PELTONEN (Finland, Sweden): 
Cardiovascular Effects of Adrenaline, Noradrenaline, Acetylcholin 
and Histamine in Newborn and Young Pigs. 

30. B. LanpTMAN and LEENA TuuTer!I (Finland): Vascular Complications in 
Coarctation of the Aorta. 

31. Eric IvAR WALLGREN (Finland): Circulatory Studies in Patent Ductus 
Arteriosus. 

32. MoGcens ANDREASSEN, A. H. SoRENSEN, J. LINDENBERG and H. ANDERSE* 
(Denmark): Operative Treatment of Vesico-Ureteral Reflux. 

33. P.-E. HEIrkEL and K. V. PaRKKULAINEN (Finland): A Comparison betwee 
the Results Obtained by Urography and Mictiocystography in Pediatri 
Urological Disease. 


34. 
BD: 
36. 
38. 
39. 
AO. 
41. 
42. 
43. 
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45. 
46. 
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H. HrekKata, L. TuutTert and M. PaaTte.a (Finland): Treatment of Child- 
hood Nephrosis. 

I<, V. PARKKULAINEN (Finland): Congenital Deficiency of the Abdominal 
Muscles. 

AxEL BrertInc and INGER JESPERSEN (Denmark): The Treatment of 
Enuresis Nocturna with Conditioning Devices. 


. B. Lanptman and E. VALANNE (Finland): Psychosomatic Studies of 


Children with Congenital Heart Disease. 


. M. Sere (Norway): Congenital Hyperpituitarism of Hypothalamic Origin. 
. HENNING ANDERSEN (Denmark): Retention of the Thyroid Gland. 
. HENNING ANDERSEN, HILDE Levi and JoHN LiINp (Denmark, Sweden): 


Fetal Thyroid Function. 


. HENNING ANDERSEN and GrRETHE Hotst (Denmark): Dental Changes in 


Some Endocrine Disorders. 


. GUNNAR ENGLESON and ORLA LEHMANN (Sweden): Treatment of Diabetes 


in Children with Bz-55. 


43. YNGVE Larsson (Sweden): Tolbutamide in Juvenile Diabetes. 
44. O. SomersALo, H. Hiekkata, L. and P. RANTAKALLIO (Finland): 


The Height and Weight Development in Diabetic Children. 


5. P.-E. Herket and S.-L. Koskera (Finland): Periostal Thickenings in 


Childhood. 


). SAARA HEIKKILA and TuoMAS PELTONEN (Finland): A Case of Deforming 


Osteochondrodystrophy. 


. O. SNELLMAN (Finland): Subluxatio Capituli Radii in Children. 
. K. SoLtonen and M. Sutamaa (Finland): Nievergelt Syndrome and Its 


Treatment. 


. M. Sutamaa and L. Lairinen (Finland): Premature Synostosis of the 


Cranial Sutures. 


. JyRKI KAuuHTIO, MARIANNE PAATELA and ILARI RANTASALO (Finland): 


Acute Bacterial Meningitis in Children. 


. Mikko Hirvensa_o and Niito HALLMAN (Finland): The Effect of Whooping 


Cough Vaccine on the Incidence of Whooping Cough during an Epidemic 
in Helsinki in 1957. 


. Sigurp Erk and Henrik HAGELSTAM (Norway): Torsion of the Stomach 


as a Cause of Vomiting in Infancy. 


3. N. HALLMAN, H. Hrexkatra and A. L. RINNE (Finland): Follow-up Exami- 


nation of Children with Hypercalcemia. 


. K. Ostertunp and P.-E, Here (Finland): Two Cases of Idiopathic 


Hemosiderosis of the Lung. 


. O. SNELLMAN (Finland): An Apparatus for Continuous Drop Infusion into 


the Veins of the Scalp in Infants. 


», OLttt Kauste (Finland): Intravenous Administration of Fat. 
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1. Determination by Means of a Bicycle-Ergometer of the 
Physical Working Capacity in Children 


F. Apams, E. BENGtTsson, H. BERVEN, M. BOrueson, I. ENcstrom, D. 
B. Jonsson, P. KARLBERG, and S. KRAEPELIEN 


Stockholm, Sweden 


‘the exercise tolerance test, ad modum Karolinska Sjukhuset, has been 
applied to determine the physical working capacity in both healthy and sick 
children. The studies were carried out at different laboratories in Stockho!im. 
The technique of the exercise test and the physiological background ire 
described (see references). 

The material consisted of the following groups: 

I. Healthy children in the age group 5—-14 vears, 227 boys and 190 girls 

The working capacity is correlated to age and body size (weight and heigh|). 
A difference between sexes is apparent, with the boys having a higher working 
capacity than the girls. The variations among the normal children are shown 
in a 95°, confidence interval in relationship to body weight. The heart volume 
was also determined in 200 of these children, for it has been proved that the 
relationship between working capacity and heart volume is useful in practical 
clinical judgement. 

Il. Working capacity in healthy children both before and after the summer 
vacation was determined for a group of normal children. Those children wlio 
had before the summer, within the limit of variations for normal materi«|, 
a low working capacity, showed a higher increase in working capacity after thie 
summer than those who had already had a good working capacity before the 
summer. 

III. Overweight children. 

The material consisted of 24 nine year old boys. They showed a low workiliz 
capacity in relationship to body weight, heart volume, and total amount of 
hemoglobin, as compared with children of the same age with normal body 
constitution. 

IV. Children with congenital heart diseases. 

The working capacity was determined in cases with a left-right shunt, in cas: s 
with a right-left shunt and in pulmonary stenosis cases without shunt. In you: ¢ 
individuals, the working capacity may be high in cases of a large left-right shun‘, 
but the working capacity will decrease with an increase in age (over 25 years). 
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‘|. working capacity is always low in cases with a right-left shunt. Even patients 
wii a high degree of pulmonary stenosis may have a normal working capacity. 
‘The causes of the variations in working capacity in different individuals are 
shown in studies of the effect of work on the hemodynamics of the heart in 
coses with congenital heart diseases. 

\. Children with acute myocarditis. 

Patients who had been hospitalized for myocarditis were examined about 
one month after discharge from the hospital. At that time they showed a low 
working capacity in relationship to body weight and heart volume. 

the decreased working capacity in relation to body weight is an expression 
of decreased stroke volume in cases where the heart’s ability to contract is 
inipaired, 

If the impaired ability of muscular contraction also produces an increase in 
heart size, the largest differences will be found in the relationship of working 
capacity to heart volume. The relationship was shown to be most useful in 
cases of acute myocarditis. 

VI. Symptom-free asthniatic children. 

Twenty nine children were examined in a symptom free interval. The physio- 
logical working capacity showed a tendency to be decreased to some extent in 
relation to the body weight, but this did not prove to be statistically significant. 


REFERENCES 
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2. Relationship Between Physical Ability and Growth in Children 


J. GHESQUIERE 


Louvain, Belgium 


3. The Determination of the Water Content of Biological Samples 
by the Karl Fischer Method 


Paavo MAKELA and Jount PURANEN 


Helsinki, Finland 


The authors present some results of water content determinations of biologi- 
cal material. The water content of the blood plasma and red cells was deter- 
mined as has previously been described. (Puranen et al.). The determination 
of the water content of rat muscle tissue was made by titrating with the Karl 
Fischer reagent an aliquot of a methanol extract of the ground tissue specimen. 
The results have been compared with the results of an oven drying method. 

The water content of the plasma was determined in 183 cases. In 151 cases, 
i.e. in 82.6 per cent, the samples had a water content between 92—-94 per cent 
(v/v). 

In erythrocytes, the water content was determined in 180 cases. 125 cases 
(= 69.4 per cent) had a water content between 72—--74 per cent (v/v). 

The standard deviation of the method employed was + 0.4 per cent. 
The determination of the water content of the muscle tissue of rats was 
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made in 38 cases. The mean of these determinations was, by using the titri- 
metric method, 77.8 per cent (v/v) H,O, and, determined by the oven drying 
meihod (10° C, 24 hrs.) 76.5 per cent, respectively. 


REFERENCES: 


Puranen, J., Harri, J. and Hatiman, N.: Titrimetric Determination of the Water 
Content of Plasma and Erythrocytes. — Ann. paediat. Fenniae, 3 (1):58, 1957. 


4. A Method for the Continuous Recording of Movement 


Paavo MAKELA, Eric WALLGREN and Katte OsTERLUND 


Helsinki, Finland 


A report is given of the application of a method capable of recording move- 
ments on the basis of the changes of electrical capacitance. The device is suitable 
for recording the pattern and frequency of movements of different types. The 
amplitude of the movement can be recorded only if the device is calibrated 
separately for each recording. The most important advantages are the elimina- 
tion of slowness, elasticity, friction and mass, and thus the recording can be 
regarded as a fairly accurate projection of the movement. The device is suitable 
for the recording of various movements, e.g. pulse, breathing and the apex beat. 


5. Autoradiographic studies on the Distribution of I'*'-Labelled 
Proteins in Living Human Fetuses 


YrJO PARTANEN 


Helsinki, Finland 


Eighteen fetuses, presumably normal, and one anencephalic monster, were 
obtained in Stockholm on legal abortion, and injected with protein hormones 
iodinated with [81 (about 200 wc per fetus). Control experiments were carried 
out with human and bovine serumalbumin and inorganic [3*1, 

On operation, the cord was prolapsed before delivery of the infant. The 
injection was made into the umbilical vein. Three to twenty minutes after 
injection, the fetuses were frozen in an aceton-dry ice mixture with an initial 
temperature of about 0°C, and dropping to —-70°C during about 20—30 minutes. 
‘he entire frozen fetus was then set in moist cotton, frozen to a block, and 
sectioned on a microtome in a cold room (—12°C). 
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The slices were taken on »Scotch Tape» and after freezedrying put on x-:ay 
film. After a suitable time of exposure, the films were developed and the sles 
stained with hematoxylin-eosin. 

The fetal zone of the adrenal gland proved to be of special interest, becaus: it 
behaved differently in relation to some gonadotrophic hormones (CG and [./1) 
than the other tissues. 


6. The Analysis of Amino Acids by High-Voltage Paper 


Electrophoresis 


J. K. Visakorpl, J. PURANEN and ANNA-LIISA PURANEN 


Helsinki, Finland 


‘The authors give here some results of the applicability of high-voltage pap«r 
electrophoresis in the analysis of amino acids, especially for clinical purposes. 

For the present. the method is little used, this obviously being due to the high 
price of the necessary apparatus. In the Children’s Clinic of Helsinki, attemp!s 
have been made during the last two years to apply this method in clinical ani- 
lysis. (Visakorpi, J. K., Puranen, Anna-Liisa; Puranen, J., Puranen, Anna-Liis:, 
Hallman, N.). 

This method and the usual paper electrophoresis have the same principles, 
but the voltage employed is higher in this method, being about 50 V/cm. The 
heat produced is removed by — -13°/15°C liquid cooling. A great advantage is 
that in comparison with usual paper chromatography analysis, one does not nee:! 
to remove electrolytes from the biological fluids before the electrophoresis. Th: 
proteins have to be removed, and this has been done by ultrafiltration. Th 
analysis is made on a paper strip 1 m. long and 15 cm. wide. The runnin; 
time needed to separate amino acids is about 1—-3 hours; the fastest amino acid 
move about 90 cm. in 3 hours with the use of a potential gradient of 50 V/cm 
The buffer employed was an acid one, with a pH of about 2. With this pH, al 
the amino acids get a positive charge. By this method the separation of differen! 
amino acids in biological fluids is satisfactory. Semiquantitatively, the amin« 
acids can be estimated photometrically by eluation in methanol of the amin« 
acid spots stained with ninhydrine, and cut from the pherogram. 

Some results of the analysis of normal biological fluids are given here. 

Urine. In a quantity of normal urine, containing 0.250 mg total-N (Kjel 
dahl) you can clearly find the following amino acids: taurine, glutamine, serine 
alanine, glycine, histidine, and also, weakly, tyrosine, phenylalanine, asparagine 
threonine, f-aminoisobutyric acid and lysine. 
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verum. The following amino acids separate from 100 yl of serum: glutamine, 
leucine and isoleucine together, valine, serine, alanine, lysine, and more weakly, 
his'idine, glycine, threonine, proline, phenylalanine and tyrosine. 

Cerebrospinal fluid. The pherogram made from 100 jl of CSF is in general 
the same as that made from 100 wl of serum, but it contains more glutamine. 

‘weal. Sweat is rich in amino acids. In 30 ul of sweat, you can very clearly 
fin: serine, alanine, and lysine, clearly glutamine, threonine, /-aminoisobu- 
tvric acid, citrulline, glycine; and weakly, tyrosine, cystine, leucine, histidine 
and lysine. 

in addition, the authors give the pherograms of three pathological urines. 

(ase 1 is that of a three year old boy with a diagnosis of pneumonia. In his 
plerogram, you can clearly see a cystin-lysinuria, while the excretion of arginine 
aud ornithine is quite normal. The excretion of lysine was 200 mg/24 hours and 
of cystine 100 mg/24 hours. The patient had no symptoms of this disease. 

Case 2 is that of an infant of 4 months of age who had during his whole life 
been icteric. The diagnosis was congenital hepatitis. The total excretion of amino 
acids was increased. In the pherogram one can see seven almost equai spots 
caused by the distinctly increased excretion of serine, threonine, lysine, and the 
slightly increased excretion of glutamine, glycine, alanine, and histidine. In this 
case, the amino-aciduria had arisen probably from the D-hypovitaminosis, which 
pherogram is very much like this one. The pherogram of this case is not typical 
of the pherogram of a liver cirrhosis. 

Case 3 is that of a 12 year old girl who had from the sixth year of age 
suffered from a collagen disease (lupus erythematosus disseminatus) and who 
had been treated over a long period with cortisone. She had a very heavy general 
amino-aciduria, and the excretion of amino acids was about 30 times greater 
than normal. In the urine there were in particular secreted the essential amino 
acids found in high concentrations in the serum, i.e. leucine, isoleucine, valine, 
serine and lysine. The girl had evidently an almost complete deficiency of 


tubulus reabsorption. 
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7. A Longitudinal Study of Children’s Biological Development 


in a Modern City Community 


P. KARLBERG, G. KLACKENBERG, 1. KLACKENBERG-LARSSON, 
H. LIcuHTENSTEIN, I. SVENNBERG and A. WALLGREN 


Stockholm, Sweden 


A longitudinal study of children’s development, physical as well as psychic, 
has been in progress since 1955 at the Pediatric Clinic, Karolinska Sjukhusct. 
This is a part of the Co-ordinated Growth Studies from The International 
Children’s Centre in Paris. Such a study has been carried out in London 


since 1951, Paris —- 1953, Ziirich — 1954, Dakar — 1954, Kampala — 1951, 
Brussels — 1955 and Louisville --- 1957. Contact between the various study 


centres has been maintained primarily through vearly conferences supported 
by the International Children’s Centre. 

The Swedish material has been recruited mainly from the ante-natal clinic 
in Solna, a suburb of Greater Stockholm, fairly close to the Hospital. During 
the period April 1955 to March 1958, 213 children were included in the study. 

The children are examined at the ages of 1, 3, 6, 9, 12, 18 and 24 months, 
and later once yearly. The physical as well as the psychic development is 
followed and also the social background (for details see earlier publications). 
The various factors investigated, and the methods emploved, were presented 
in the exhibit, and in addition some preliminary results were given. 

The purpose of the study is to obtain as true a picture as possible of the 
complicated interaction of soma and psyche and constitution and environ- 
ment. By continuous annual examinations of the gradual maturation of body 
and psyche, and their developmental tendencies in children whose environ- 
ment we know from both a social and a cultural aspect, a picture is formed 
through the eyes of various specialists of the probable essentials in the chain o! 
causality. 

Earlier definite observations of the individual cases can be correlated with 
what appears later. The relation between body build and the psychic structure 
will be investigated. The pattern of reaction which has prognostic value can 
be separated from that pattern which is coincidental. Perhaps we can learn 
something about the possibilities of predicting at an early age the risks a child 
will run during growth. The concept of health and normality will be clearer. 

It should be possible for the investigation to give valuable viewpoints in th« 
actual discussion of the frequency of testable aptitude levels in different socia! 
classes, and of the variability of aptitude as a consequence of cultural influences. 
The international comparison between widely different cultures and environ- 
ments will further provide relief to the results found. 
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Preventive child care and the clinical evaluation of children should receive 
an essential broadening of their basic knowledge, and a deepened insight into 


the mechanisms important to human growth and development. 
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8. Investigation on the Development of Finnish Children 


NuLto Hatitman, Arvo LEHTOVAARA, KALEvI Koski, RITVA TIISALA 
LEENA JARVINEN, and JOHANNES HAATAJA 
Helsinki, Finland 


The investigation group known as »Healthy Children» has since the year 
1953 carried out an investigation which clarifies the development of Finnish 
children. The investigation is divided in the following main lines: 


1. Observations of the physical development. 
2. Observations of the psychic development. 
3. Investigation on the teeth and the anthropological measurements. 

The material is divided into: 

— The basic material (100 children) which involves close observations of 
Helsinki children. 

— The additional material, consisting of 3000 children, who are chosen 
by the employment of appropriate statistical methods. This material 
represents the whole country. Phases of the investigation were separated 
by an interval of three years in order to find out the longitudinal develop- 
ment. 

In the exhibition, a few scattered items of information on the more interesting 

data are represented, for example the height, the weight, the amount of hemo- 
globin and the frequency of dental caries in children, and some results of the 


)sychological tests. 
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9. Concerning the Postural Faults of Elementary School Children 
in the Town of Turku, Finland 


Matti DAHL 


Turku, Finland 


A posture examination has been made of 4,524 elementary school childi:n 
in the town of Turku in Finland. 

Of the pupils 2,208 were girls, and 2,316 boys. 

The material was divided equally among the schools in the centre of the 
town and in the suburbs. 

On an average, 35 per cent had good posture and about 65 per cent fauliy 
posture. 

No clear difference between the sexes could be noticed. 

In upper classes there were 5 per cent more postural faults than in lower 
classes. 

In upper classes the faults were worse than those in lower ones. 

Local stiffness in the lower part of the thoracic spine, evidently caused hy 
rickets, appeared in 18 per cent of the examined children. 

Severe postural deformities could be found in about only 2 per cent of this 
material. 

In addition to the spine, deformities of the thorax and the extremities were 
also examined. 

About 20 per cent of the children had Harrison’s groove, and about 25 per cen| 
weak foot. 

About 10 per cent were knock-kneed. 

The length of the way to school had no influence on posture. 

The pupils with good posture had a mean value of marks in gymnastics o! 
7.58, and those with poor posture 7.42. 


10. Respiratory Studies in Newborns 


P. KARLBERG, G. Kocnu, G. WALLGREN and F. GEUBELLE 


Stockholm, Sweden 


The various components of the lung function were illustrated, including luny 
volumes, the mechanics of breathing, minute volume and alveolar ventilation. 
functional dead space, gas exchange with diffusion relationships. The apparatu: 
and methods of study of these functions which are applicable to newborns 
were described. 
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Body weight kg 


Fig. 1. 


A summary of the values found for the different components for healthy new- 
borns of varying ages, as well as for newborns in »respiratory distress», was given, 
representing the results of a series of different investigations (of which a part 
have already been published elsewhere). 

The exhibit was summarized in the following manner: 

In the transition from intra- to extra-uterine life, the child must within 
a very short period of time establish a lung function adequate for oxygenation 
of the blood and the disposal of carbon dioxide. Respiratory studies, especially 
with respect to the relationships of the mechanics of breathing, show that the 
lung function is developed most rapidly during the first few breaths and the 
following minutes of life. From the age of some hours up to the age of one week, 
lung function develops less rapidly. For this reason, this age group can be 
taken as a unit for comparison with adults (see Fig. 1). 

Lung volumes: functional residual capacity, tidal volume and functional 
dead space increase proportionally per kilogram body weight. On the other hand, 
however, functional values such as basal metabolism, minute volume and 
alveolar ventilation, respiratory work and diffusion capacity are proportionally 
greater per kg body weight in newborns than they are in adults. 


The demand on the function of the lungs during the newborn period is thus 


9 — Acta Paediat. Congress 
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greater in relation to the dimensions of the lungs than it is later in life. The lings 
must be utilized more intensively and the respiratory frequency must ther: !ore 
be higher. 

The newborn’s higher respiratory frequency follows Otis-Fenn-Rahn’s law 
in that the frequency and tidal volume are adjusted in such a way that the 
necessary alveolar ventilation is maintained with a minimum of work (den.on- 
strated by Cook ef al. 1957). The work per minute volume is also approxima icly 
as great as it is in adults. 

In respiratory distress» the demand on functioning lung parenchym: in 
relation to lung size is even greater, with a higher respiratory frequency as 
a consequence. Despite the fact that the principle of economy is also valid un:der 
these conditions, up to 10 times as much work per minute volume is demanied 
as in healthy newborns and adults. In »respiratory distress», the respiratory 
frequency is a good indication of the extent and severity of the lung chanyes 
and clinically should be registered regularly. 
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11. Estimation of Metabolism in the Newborn 


JOHAN TALLovist and C.-E. 


Helsinki, Finland 


ln order to solve this task, we have concentrated the greater part of the 
work upon the problem of the heat energy determination. This should 
not be interpreted by assuming that the other estimations are of secondary 
importance, but since investigators elswhere have already for some time been 
working on the estimation of respiratory gases in this connection, we have used 
results and constructions already attained by others. 

lor the estimation of the heat production in the newborn, we have construc- 
ted what is termed a differential calorimeter, which is composed of two ther- 
mally isolated cylinders (see fig. 1) in which space A is called »space of measure- 
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ig; 1. 


ment» and space B »space of reference». ‘wo identical atmospheres are conducted 
through these cylinders, and both temperature and humidity are measured at 
the point of infusion (point C) and at the points of exhaustion (a and b). In 
addition, a source of heat with a regulated heat production is placed inside 
the »space of reference». This source of heat is composed of an electric element, 
fed by an amplifier in such a way that the temperatures at points »a» and »b» are 
equal. Thus, if the conditions in spaces A and B are similar, the heat produced 
by the element in space B equals the heat produced by the infant in space A. 
The efficiency in B can readily be determined by measurement of the current 
in the battery. The efficiency E expressed as Kcal/hour is 


E —086 (i. R 
(a) 10] 


h 


131 
aw 
the 

ely 
In 
as 
ler 
ed 
y 
es 
| 
Sith) 
Lies 
in 
wid 
; in 
irst 
ary 
des 


132 


The composition of the atmosphere in the calorimeter is regulated by taxing 
suitable amounts of CO,-free air, oxygen and CO, from available gas contai:iers, 
The gas mixture is conducted through a humidifier, which is shown in the 
figure. 

The dry, warmed, incoming gas mixture (see fig. 2) is conducted throug): the 
regulating valve (V) into the water-container (F) and further into the calorim- 


Fig. 2. 


eter where the relative humidity of the gas mixture can be up to 100”,. 
The ultrathermostat (T) keeps constant the temperature of the water in the 
humidifier. 

The gas mixture is divided into two equal parts, of which one is conducted 
through the space of measurement and the other through the space of reference. 
When the gas has passed the calorimeter, its temperature, humidity, and con- 
tent of CO, and O, are determined. The CO, is analysed by means of a URAS | 
CO,-analyser which has been modified in such a way that the CO,-content of 
space (A) is compared with the CO, content in space (B), and hence the C0,- 
analyser directly measures the CO, production of the infant. 

All the results, temperature, humidity, efficiency etc. are registered by a Phil- 
ips 12-point registrator, and can thus all be read on the same paper. 


12. The Iodine Content of Human Milk in Finland 


PirKKo LAHESMAA and PANU VILKKI 


Turku, Finland 


The iodine content was determined in samples of mother’s milk obtained from 
two areas of Finland which differ in the incidence of goitre. 107 milk samples 
from mothers in the non-goitrous Turku area, and 18 samples from mothers in 
the goitrous Kuopio area, were followed for their iodine content by day and 
night, in different seasons of year, and in different phases of lactation. 
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Tie average iodine content of mother’s milk was found to be: 53.3 + 1.4 
micrograms per litre in the non-goitrous area (Turku) 25.1. + 1.6 micrograms 
per litre in the goitrous area (Kuopio). The difference between the two averages 
is highly significant. 

No correlation was found between the iodine content of milk and the level 
of protein-bound iodine in the serum of the mother. 

‘he analytical procedure was an alkaline combustion method described in 
a previous paper of one of the authors (Vilkki, 1956). 


15. A Case of Foetal Bleeding into Maternal Circulation 


H. R. NEVANLINNA 
Helsinki, Finland 


In neonatal anaemia, the suspicion of foetal bleeding into maternal circuia- 
tion as an aetiological factor can only seldom be proved. The case to be presented 
gave a possibility, with the aid of two different laboratory methods, of making 
a correct diagnosis, and in addition of making a calculation of the amount of 
foetal blood lost through this mechanism. 
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Case history: 

The mother was 25 years old, primigravida in good health, and with a no. mal 
course of pregnancy. No bleeding ex utero was observed during pregnancy and 
the onset of labour. She belonged to group A Rh positive, no abnormal antib: dies 
were found during and after delivery. 

After a spontaneous delivery, the child, a boy of 3,400 grams, was obse: ved 
to be pale but otherwise vigorous. At the age of 8 hours, the capillary }.o0d 
showed a haemoglobin content of 6.7 g per cent with 2.1 mill. red and 25.1100 
white cells. There were 33 nucleated red cells per 100 white cells, and the : :ti- 
culocyte count was 16.5 per cent. 

The child received three transfusions with 40 cc of packed red cells each «ind 
made an uneventful recovery. He was not found to be jaundiced, the total 
bilirubin content at the age of one day being 2.4 mg per cent. 

The child belonged to group 0 Rh positive, Coombs direct test was negative. 
Two days after delivery an Ashby count and foetal haemoglobin determinat.on 
were made from the mother’s blood, and the values were followed as shown in 
the diagram several times subsequently. 

When one takes into account the difference between the blood volume of 
the child and mother, it seems that the foetus had bled into the maternal 
circulation a quantity of blood which was about equal to his own blood volunie. 


14. To What Extent Can Prematurity Be Prevented? 


C-E. RArA, C. E. JoHANSON-UNNERUS, J. Linp, U. WEGELIUs, A. BACKMAS, 
J. KiHLBERG and P. VARA 
Helsinki and Turku, Finland 
Stockholm, Sweden 


The correlation between the maternal heart volume, the birthweight of t'e 
baby and the frequency of prematurity has been studied in about 2,000 casvs. 
The material consists of three groups selected at random, twins being exclude :1: 


A. The maternal heart volume measured the day after parturation in 2''3 
cases resulting in premature births (child weighing S 2,500 g), and in 5 8 
cases resulting in full-term births (child weighing > 2,500 g). In this materi:|, 
ten per cent of the fullterm and 15°, of the premature babies were delivered \y 
mothers with either albuminuria or hypertension during pregnancy. 

B. The maternal heart volume measured during pregnancy only, in 520 cas: s, 
of which 15 resulted in premature births. (U. Wegelius.) 
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The maternal heart volume measured during pregnancy and after parturi- 
tio. in 596 cases. In 72 of these cases, where the maternal heart volume was 
20 cc/m? of body surface, the mothers were ordered not to do heavy work 

an to rest some hours every day. 


Results 


\. In two thirds of the pregnancies resulting in premature birth the heart 
volume of the mother was below 600 cc. In the pregnancies resulting in full-term 
births, on the other hand, only one third of the mothers had a heart volume 
beiow 600 cc. The percentual risk of premature birth decreases by 50% for 
every increase of 100 cc in the heart volume. 

lhe correlation between the size of the placenta and the maternal heart 
volume is not as evident. (Backman). 

13. The size of the maternal heart and the increase in volume during pregnancy 
is in close correlation with the birth weight of the expected baby (figure 3). 

. In the group of 72 pregnant mothers who had been ordered not to do 
nae work and to rest, only one baby with a birth weight of 2,500 g was born, 
this after a gestation time of 292 days. In these 72 cases, the mean maternal 
heart volume during pregnancy equals that found in material B for the mothers 
giving birth to premature babies. Out of 22 babies born before the 250th day 
o! pregnancy in material C, only 9 have a birth weight S 2,500 g. 
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ig. 1. — If the frequency of prematurity is 5%, the risk of premature birth in the different 
groups of maternal heart volume will be distributed as above. 
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Fig. 2. - 


volume the day after parturition, 


THE MATERNAL HEART VOLUME AND 
hen BIRTH WEIGHT OF THE BABY 


There is a good correlation between the weight of the baby and the maternal heart 
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{his investigation will be continued by increasing the group in which the 
mothers are ordered to rest and not to carry out heavy work during pregnancy 
by an addition of all pregnant women who show a decrease in their heart 
volume during pregnancy. 


15. An Examination of Premature Children in the Years 
1955—1956 


A. Maui, M. Kunnas and K. VuorINnEN 
Helsinki, Finland 


On the initiative of the Mannerheim League, and through the mediation of 
their districts, an examination has been carried out of premature children born 
alive, altogether 7,905, during the years 1955—1956. The material includes 
6,265 children. The tables show: 


1. The distribution of premature children according to birthweight. 

2. The care of premature children in different hospitals. 

3. The mortality of premature children in different age- and weight groups. 
Additionally, a short summary is given of the most serious disturbances in 

development appearing in altogether 4% of the material, and of the social 

conditions of the families concerned. 


16. The Results of the Care of Premature Infants at the Aurora 
Hospital during the Years 1954—1957 


Paavo HEmn16, RutH WEGELIuS, KErRtTru LouHIvuori, MARIANNE BERGROTH 
Helsinki, Finland 


The premature baby ward of the Aurora Hospital has 24 beds of which 12 are 
incubators. Premature babies from the Maternity Departments of Helsinkiare 
treated in the ward. Only babies less than 24 hours old are admitted. Older 
premature babies are treated in the infant ward of the Aurora Hospital. The 
babies are brought from the Maternity Departments by the nurses of the 
Premature ward in the ward’s own transportation incubator. 

Those babies who need incubator treatment are kept in a temperature 
between 29°—32°C. The body temperature of the bigger babies is maintained 
ot 35°—-36°C, of the smaller ones at 33°—34°C. Partly outdoor-air, and partly 
oxygen from the oxygen centre are led into the incubators. The oxygen con- 
centration is usually kept at 25—-30% and it is controlled every third hour by 
iieans of a Beckman’s oxymeter. The smaller babies stay in the incubator for 
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several weeks after the oxygen treatment is interrupted. The baby is dischar. od 
when it has reached a weight of 2,500 gr. 

The babies are fed almost entirely on breast milk, when necessary by mc ‘ns 
of an indwelling polythene catheter. On the second day of life, 3—5 gr ..’, 
glucose-solution is given, and on the third day 3—5 gr breastmilk and & sr 
glucose-solution. Babies under 1,250 gr are given skimmed breastmilk. Wii -n 
the body weight reaches 1,500 gr, extra protein in the form of 5 gr cow’s n: /k 
per feed is added. The breastmilk is mainly brought to the Hospital by te 


mothers of the babies. If the mothers milk supply is insufficient, the bigs r 
babies get a supplement of 2/3 cows milk and 13 water at the age of 2 weeks. 

Vitamins: about 3 mg of vitamin K is given during the first day of lile. 
A- and D-vitamins are administered by mouth from the age of 2 weeks. ‘Tiie 
doses are successively increased until doses of about 5,000 I.U. A-vitamin and 
about 4,500 I.U. D-vitamin are given daily at an age of 4 weeks. Oil-solutioiis 
are used. The administration of C-vitamin starts at the age of 2 weeks, begi- 
ning with 25 mg daily and increasing to 50 mg. 

The oral administration of iron is started at the age of 3 weeks with smal 
doses which are increased until a daily dose of 70 mg is reached. Thus thie 
baby is used to the full dose of iron, when the iron deficiency of the premature 
infant sets in. An ironchelate preparation is used (Fe +++). 

Preventive antibiotic treatment: During their first days of life, each of the 
infants gets a penicillin-streptomycin preparation parenterally, 20,000 I.l. 
penicillin and 12.5 mg streptomycin per kg body weight daily. 

Unnecessary handling of the infants is avoided, and unless otherwise neces- 
sary, even the physician’s first examination takes place only by inspection ani! 
following of the temperature, respiration rate and weight charts. 

Swabs from the throat, nose and skin are examined for bacteria. 

Since the year 1956, ophthalmoscopic examination has been carried ou! 
before the infant is discharged from the Hospital. 

The health control of the staff is rigorous. Once a month swabs from the nos 
and throat are examined for bacteria. No masks are used. 

An analysis of the results of the premature care is given for the years 1954 

The mortality rates were: 


Year Number of infants Mortality % (total) Infants’ birthweight 
more than 1,000 gr. Mor- 
tality % 


1954 81 18.5 17.5 
1955 93 19.4 16.9 
1956 135 13.3 12.2 
1957 162 22.2 1) 14.4 


1) (15 infants’ birthweight less than 1,000 gr) 
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‘he mortality rates during the first week of life, calculated percentually 
o! the total mortality were: 


1954: 86.67 % 1956: 83.33 % 
1955: 100.0 % 1957: 94.44 % 


Hyaline membrane disease was the main cause of death. This was found in 


rentynine autopsies (33.33%). 
This was followed by atelectasis pulmonum, where no other lung finding was 
evident (13.79%). 

Haemorrhagia pulmonum (12.64%). 

Infection (12.64%). 

Haemorrhagia cerebri (9.20%). 

Congenital malformations (3.45%). 

Kernicterus (2.30%). 

Varia (5.75%). 

No post mortem examination was performed in 6 cases (6.90%). 

Three cases of retrolental fibroplasia were found during the years 1956—57 
in children with a birthweight of less than 1,350 gr. 

The mean haemoglobin values were 16.50 gr/100 ml on admission and 
9.00 gr/100 ml on discharge from the Hospital during the years 1954—-55, when 
no regular prophylactic iron treatment was given and 10.17 gr/100 ml 1956—57, 
when prophylactic iron treatment was given. 

Sixtyfour infants were examined 1—2 months after discharge from the 
Hospital in the years 1956—57. Their mean Hb-value was 9.30. None of them 
showed signs of rickets. 


17. The Growth in Length and Weight of Premature Children 
during the First Year of Life Taking the Period of Gestation 
into Consideration 


MARJATTA KUNNAS 
Helsinki, Finland 


The material includes 392 children, divided in 3 groups according to duration 
of pregnancy. The differences between the groups are most distinct in the 
second halfyear. It has been stated that the youngest grow most and the 
eldest, that is to say the full-term children, least. 

The growth in length and weight of all premature children is faster than in 
normal material, excluding the fullterm children with a birthweight under 
2,500 gr. 
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18. A Case of Panmyelopathy Caused by Chloramphenicol in a 
Girl One Year and a Half Old 


TUOMAS PELTONEN and SAARA HEIKKILA 


Turku, Finland 


For the treatment of recurrent banal infections, a girl aged one and a ha'f 
was given »Mixt. Chloramphen, Orion», several times during the course of fou: 
months. The total amount of chloramphenicol ingested was 15 grams. The 
child had become pale and suffered from bleeding mucous membranes, and was 
therefore sent to the Clinic as a leukemia patient. A severe suppression 0 
hematopoesis was observed. After the child had been given several blooc 
transfusions and cortisone, her health was restored within six months. 


19. A Case of Congenital Aplastic Anemia 


SAARA HEIKKILA and TuoMAS PELTONEN 


Turku, Finland 


A two year old girl was admitted to the Clinic because she suffered from 
anemia. The anemia was diagnosed as being of the aplastic type, but it involved 
only the erythropoietic system. The body structure of the patient resembled 
that of a chondrodystrophic. The mental development of the child was normal. 
The girl was kept alive by means of blood transfusions. Therapeutical measures 
employed were the administration of ACTH, cortisone, folic acid, cobalt and 
vitamin B,, and splenectomy. Following the last mentioned operation, the 
resistance of the child to infection was appreciably reduced. The last measure 
undertaken to date has been the transplantation of bone marrow. 


20. A Case of Juvenile Vitamin B,, Deficiency 


R. GrAsBeckK and IJ. KANTERO 


Helsinki, Finland 


Presentation of a case of B,, deficiency caused by an unexplained inhibition 
of the absorption of vitamin B,, from the gut. 

A well-developed boy of 11 years has been treated on numerous occasions 
since the age of two years for a pernicious-like anaemia. During relapses, changes 
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in the bone marrow as well as in the peripheral blood are typical of pernicious 
anaemia. There are no neurological symptoms; the tongue and the spleen are 
normal. Microbiologically (L. leichmannii) determined B,, level in the serum 
is pathologically low (<50 wug/ml). Reticulocytosis and remission after paren- 
teral administration of vitamin B,,. Since the first examination there has 
always been a slight albuminuria; urography, creatinin clearance, electrophore- 
sis of the serum, non-protein N, etc. have always been normal, however. No 
macroscopic signs of disturbed gastro-intestinal function, tapeworm-eggs have 
never been found, there was no improvement after anthelmintic treatment. 
Radiological examination of the intestines: normal. There is normal fat content 
in the faeces. Glucose- and starch-tolerance curves are normal. Absorption of 
['!-Jabelled fat: low normal values. The serum B,, binding capacity is normal. 
No indications were found for the precence of intrinsic factor antibodies in the 
patient’s serum. Parenterally injected radio-B,, is retained normally. The gastric 
juice contains plenty of acid, pepsin, and even intrinsic factor (remarkable 
increase in the Schilling-value in a classical pernicious anaemia patient). Absorp- 
tion tests with radio-B,, (Schilling-test) are repeatedly pathologically low in 
spite of the presence of intrinsic factor and are not changed by administration 
of intrinsic factor, sterilisation of the gut with antibiotics, treatment with 
cortisone, ete. 

Possible causes of the disturbance of absorption of B,, are discussed: the 
most likely cause is a disturbance in the intestinal wall, possibly a congenital 
lack of the vitamin B,, acceptor mechanism. This may be combined with an 
extremely mild steatorrhoea and an absorption anomaly in the kidney tubules. 


21. The Intestinal Absorption of Orally Administered 
Trivalent Iron 


Kaisa LAPINLEIMU and RutH WEGELIUS 


Helsinki, Finland 


It is usually considered that an iron preparation administered by mouth 
should contain bivalent iron in order to be properly absorbed in the intestines. 
The authors have carried out iron absorption tests as described by Jasinski with 
Fe and +. 132 mg F (Ferronicum, Sandoz) or 152 mg Fe (Plexofer, 
Medica) given by mouth to each of the test subjects, 17 infants and children 
with iron deficiency anaemia (M.C.H. 13—20, mean value 16, serum iron value 
26—-102, mean value 75 %, method Kingsley & Getchell). The increase in the 
serum iron value was to the same extent whichever preparation was employed. 
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Oral Fe*::+ treatment with Plexofer (Ferric Sodium EDTA) in 15 infaiits 
and children suffering from iron deficiency anaemia resulted in a distinct 
increase in the Hb, M.C.H. and serum iron values in most of the patients. 


22. Haemophilia in Finland 


H. R. NEVANLINNA and E. IKKALA 


Helsinki, Finland 


The series of haemophiliacs to be presented are collected from hospite! 
records in the whole country, and from data obtained from the Medical Board. 
It consists of patients who are all living and who have been treated in hospitals 
since 1930. All patients have been personally investigated by the authors. 

The investigation consisted of controlled medical history, clinical investiga- 
tion as well as of the following laboratory tests: 

bleeding time (Duke) 
— Rumpel-Leed test 
- platelet count 
coagulation time (Lee-White or Biirker) 

—- prothrombin consumption test 

— thromboplastin generation test (Biggs and Douglas) 

The quantitative determination of AHG was performed according to Biggs, 
Eveling and Richards with small modifications, that of the Christmas factor 
according to Koller. 

In the table, the distribution of the families and patients in A- and B-hemo 
philia is presented, as well as the distribution according to the degree of severity 


DEGREE OF SEVERITY 


Severe Moderate Mild 
Hemophilia A .......... 64 11 38 
Hemophilia Bo 10 10 7 
Per cent AHG or FIX 5 severe 


6—10 moderate 
11 mild 


NUMBER OF CASES 


Families Patients 
Hemophilia A...... 61 (87 per cent) 83 (76 per cent) 
Hemophilia B...... 9 (13 per cent) 27 (24 per cent) 


Total 70 110 
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of ‘he disease. At the present time, there are at least 15 additional patients 
in respect of whom the detailed investigation has not as yet been carried out. 

in addition, the authors have knowledge of 6 patients suffering from angio- 
hacmophilia (low AHG with simultaneous long bleeding time) representing four 
faruilies. 


24. The Incidence of Leukemia in Finland during the 
Period 1936—56 


TuoMAS PELTONEN and ANNA-LIISA PYNNONEN 


Turku, Finland 


In 1936—56, 544 children died of leukemia in Finland. The annual death 
rate due to leukemia has increased fivefold in children during the period in 
question. The mortality for the whole population has risen from 1.87 to 5.30 
per 100,000 inhabitants. The death rate due to this disease is lower in 
the northern and eastern parts of the country. 


25. Intimal Changes in Pulmonary Vessels in Congenital Heart 
Disease in the First Years of Life 


V. ESKELUND, Fr. THERKELSEN, I. Bossen and J. Linp 
Copenhagen, Denmark 


Stockholm, Sweden 


26. Isolated Pulmonary Stenosis before and after Surgery 


D. Ikxos, J. HANson, C. CRAFoorD and C. O. OvENFoRS 


Stockholm, Sweden 


1. Pulmonary stenosis is a congenital cardiac malformation in which the defect 
can be localized in: 


a) the pulmonary valve 

b) the infundibulum of the right ventricle 

c) multiple regions of the pulmonary arterial tree 
d) combinations of the above. 


The incidence of pulmonary stenosis in 1,000 consecutive cardiac catheriza- 
tions was 8%. 
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3. Pulmonary stenosis has as its consequences: 

a) a harsh systolic murmur with a weak second heart sound over the 
pulmonary area 

b) increased right ventricular pressure and a gradient between the pre- 
and post-stenotic areas 

c) right ventricular hypertrophy as seen in 

d) ECG changes and 

e) an abnormal x-ray picture with increased heart volume, bulging richt 
ventricle and decreasing lung vasculary. 


— 


4, The types of surgical procedures for correction of the defect can be divided 
into »blind» and »open» methods. 


5. Successful operation results in: 

a) disappearance of or decrease in the intensity of the systolic murmur. 

b) decrease in the right ventricular pressure and abolition of the gradient 

c) decrease in right ventricular hypertrophy as shown by 

d) normalization of the ECG and 

e) decrease in radiological heart volume and disappearance of the val- 
vular dome. 

6. Comparison by statistical analysis of the two major operative methods based 

on the present series of 25 patients and an additional 99 patients presented in 
published reports has shown a significant difference in the operative results 
favouring the »open» method. 
In addition, it was found that a significant correlation existed between 
the pre- and post-operative right ventricular pressures, in such a manner 
that the higher the pre-operative pressure, the less satisfactory might be 
the postoperative result, regardless of the operative method used. 


27. Electrocardiographic Criteria for Enlargement of the Right 
and the Left Ventricle in Children under the Age of Two Years 


BJARNE MERRILD and JOHN LIND 


Seborg, Denmark 
Stockkolm, Sweden 


The electrocardiographic criteria are based on the sizes of the ventricles 
determined by angiocardiography (and/or general X-ray examination, cardiac 
catheterization, autopsy) for 130 patients under 2 years with congenital cardio- 
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va cular anomalies. All with non-enlarged ventricles have been claimed as 
di: gnosed correctly by electrocardiography. 

. Electrocardiographic criteria for enlargement of the right ventricle 
(- RKVH) of which 3 criteria at least are claimed as being satisfied, and for 
eniargement of the left ventricle (+ LVH) of which 2 criteria at least are 
claimed as being satisfied. 


| Normal values (mean) in tenths Criteria for: 
of a Millivolt } 4+ RVH 4+ LVH 
Age in Years 0—1 1—-10 0—-2 0—2 
1.15 > 3 
OME 2.09 1.53 > 3 
8.91 7.99 > 20 
13.61 7.15 > 20 
Ry, 14.49 18.97 >20 
4.34 2.88 Sil 
11.88 7.53 > 26 
SY, 7.00 3.62 > 20 
Tg 2.84 3.25 > 2.5 
2.27 3.41 > 2 
> 0.03 sec. 
> 0.02 sec. > 0.04 sec. 


2. The frequency with which the criteria are satisfied in a series of 130 children 
under 2 years of age: 

After clinical establishment (general X-ray examination, angiocardiography, 
cardiac catheterization, possibly autopsy) the right ventricle is found to be 
nonenlarged for 16 patients and enlarged for 114 patients. None of the 16 
patients fulfils more than 2 criteria. Of the 114 patients, 47 satisfy at least 3 
of the 13 criteria for enlargement of the right ventricle (+ RVH). 

After clinical establishment, the left ventricle is found non-enlarged for 47 
patients and enlarged for 83 patients. None of the 47 patients satisfies more 
than one criterion. Of the 83 patients, 16 satisfy at least 2 of the 4 criteria for 
enlargement of the left ventricle (+ LVH). 

3. The sizes of the single ventricles by electrocardiographic and clinical 
establishment: 

The correspondence between clinical and electrocardiographic establishment 
©! the single ventricles is better for the right (47 of 114 patients with enlarged 
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right ventricle) than for the left ventricle (16 of 83 patients with enla: 


left ventricle). 


!. The combined sizes of the ventricles by clinical and electrocardiograj _ ic 


establishment: 

The correspondence between clinical and electrocardiographic establishn: at 
of the combined sizes of the right and the left ventricle is better when o |y 
one ventricle is enlarged (12 of 43 patients with enlarged right ventricle « ( 
non-enlarged left ventricle and 5 of 12 patients with non-enlarged right ventri ‘e 
and enlarged left ventricle) than when both ventricles are enlarge: || 
simultaneously (8 of 71 patients with enlarged right and left ventricle). 


REFERENCES 


1. Kossman, C. E.: The Normal Electrocardiogram. Circulation, 8: 920, 1953. 


28. Pathology of Congenital Heart Disease 


LANDTMAN, L. HJE_t and E. K. AHVENAINEN 


Helsinki, Finland 


From 1948 to 1958, 2,837 autopsies were performed at the Children’s Hospital. 
University of Helsinki. Congenital malformations of the heart were present i:: 
245 instances (8.6 per cent). The incidence of these malformations has graduall\ 
increased from 4.8 per cent in 1948 to 14.8 per cent in 1957. One hundred ani 
twenty-five of the children died during the neonatal period (50 per cent) ani 
229 (93.5 per cent) died within the first year of life. Only five children were ove: 
five years old. The birth weight was less than 2,500 g in 80 cases (32.7 per.cent) 
Malformations of other organs, often multiple, were present in 105 cases (42.°' 
per cent). The organs most frequently involved were: urinary tract 46, gastro- 
intestinal tract 40, skeleton 38, central nervous system 24 and respiratory organ 
twelve cases. The most common immediate causes of death were: pulmonar 
complications (172), intracranial hemorrhage (41), and gastroenteritis (48). 

Detailed records were kept of the clinical data of the patients and of th 
autopsy findings. The acyanotic group comprised 120 cases of which the mos 
common were: ventricular septal defect (25), auricular septal defect (20), coar¢ 
tation of the aorta with or without patent ductus arteriosus (18), patent ductu 
arteriosus (7) and others (50). One hundred and twenty-five children belonge: 
to the cyanotic group (transposition of the great vessels 44, truncus arteriosu 
thirtythree, bi- or trilocular heart 22, tetralogy of Fallot 9, and other 11). 
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J fcroscopic examinations: Lungs. Changes in the pulmonary vascular bed 
observed in 226 (92.2 per cent) of the cases, 108 of which belonged to the 


wel 

cya otic group. Arteriosclerotic changes (41 cases), which were mainly confined 
tot ie small arteries and arterioles, consisted of intimal proliferation, medial 
hy; ertrophy and thickening of the adventitia. Arteritic changes occured in 


10. compensatory changes in 103, and vascular anomalies in 10 instances. In 
tion, biopsies were obtained from 43 children with patent ductus arteriosus 
at ‘he operation. Changes in the pulmonary vascular bed were observed in all 
these specimens. There was no positive correlation between these changes and 
the pressure in the pulmonary artery obtained at cardiac cathetherization. 
Liver. Fat infiltration was present in 141 cases (57.5 per cent), 67 of which 
belonged to the acyanotic group. Centrilobular necroses were seen in 12 instances. 
The aforementioned histological changes were illustrated by microphotographs. 
The studies, which will also include other organs, are in progress. 


ad 


29. Cardiovascular Effects of Adrenaline, Noradrenaline, 
Acetylcholine and Histamine in Newborn and Young Pigs 


Leo Hirvonen, Linp and Tuomas PELTONEN 
Turku, Finland 
Stockholm, Sweden 

increasing doses (1—-20 wg/kg b.w.) of adrenaline, noradrenaline, acetyl- 
choline and histamine were injected intravenously into ten newborn pigs 
(weighing 1.1--1.7 kg) and five 2—-3-week-old pigs (3.3-—4.5 kg). The aortic 
and right ventricular pressures were recorded simultaneously by means of two 
Sanborn manometers. 

\drenaline and noradrenaline increased, and acetylcholine decreased both 
the aortic and the right ventricular pressures in both pig groups. 

\fter histamine injections, the aortic pressure of the older pigs decreased 
markedly. With the highest doses the fall in systolic pressure was 30 to 60 
per cent. The changes in aortic pressure of the newborn pigs were variable. 
A decrease, an increase, or no change was found in these animals. The right 
v ntricular pressure underwent no significant changes either in the newborn 


0: in the older group. 
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30. Vascular Complications in Coarctation of the Aorta 


B. LANDTMAN and LEENA TUUTERI 


Helsinki, Finland 


Vascular complications were seen in 4 of 68 children, with coarctation o! {he 
aorta. In 3 of the cases the complications occurred after surgical correctio; of 
the coarctation. The complications were: Intracranial hemorrhage 2 ca es, 
rupture of intercostal artery into the esophagus 1 case, and mesenterial thr: n- 
bosis followed by intestinal necrosis. Three of these 4 patients died. 


31. Circulatory Studies in Patent Ductus Arteriosus 


Eric IvAR WALLGREN 


Helsinki, Finland 


Cardiac catheterization and determination of the »true endogenous creatinine 
clearance» and para-amino-hippuric acid clearance were carried out pre-opera- 
tively on 20 children with patent ductus arteriosus. A decreased renal plasina 
flow was demonstrated in children with a big shunt through the patent ductus. 
The ratio of endogenous creatinine clearance to renal plasma flow was in- 
creased if the left-to-right shunt was above 40 per cent, even in the presence 
of a normal pressure in the pulmonary artery. 


32. Operative Treatment of Vesico-Ureteral Reflux 


Mocens ANDREASSEN, AUGUST HALBORG SORENSEN, JOHN LINDENBENLG, 
HENNING ANDERSEN 


Copenhagen, Denmark 


It seems to be possible to correct the vesico-ureteral reflux in a number of 
ways. 

In the HUTCH-operation (J. Urol. 68:457, 1952) the normal entran:e 
of the ureter into the bladder is preserved, and the lower end of the ureter is 
placed inside the bladder; during distension of the bladder this part of the ure! :r 
is compressed and the reflux is thus stopped. 

The lower end of the ureter is cut off and the ostium is closed. Through ‘in 
incision in the mucosa of the bladder, a curved forceps is forced in an obliq:e 
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dir: tion through the bladder wall. The ureter is placed into this oblique canal, 
par ly getting a course through the muscles of the bladder wall, but mainly 
a s: bmucosal course before the entrance into the bladder. 

‘the end of the ureter is sutured (mucosa—mucosa) to the inside of the bladder. 
Fii.ally the external wall of the bladder is sutured around the ureter. During 
dis. ension of the bladder, the intra-vesical part of the ureter will be compressed 
mainly by the »mucosa pressure» and partly by the muscular tension. 

live children have so far been treated with this operation. In 2 cases out of 
seven operations, 2 recurrences occurred and were re-operated. 

in the cases with no recurrence the patient’s condition is good. 


33. A Comparison Between the Results Obtained by Urography 
and Mictiocystography in Pediatric Urological Disease 


P-E. HEIKEL and K. V. PARKKULAINEN 
Helsinki, Finland 


Mictiocystography (MC) has proved to give valuable information, even about 
the upper urinary tract, and consequently there is some justification for 
a comparison between the results obtained by excretory urography and MC. 
Both examinations were carried out on 79 patients in the Children’s Clinic, 
University of Helsinki, during the years 1955—56. The MC technique was: the 
bladder was filled by a catheter with a sterile suspension of 25 per cent colloidal 
bariumsulphate (Collobar, Astra) until a strong voiding reflex was noted. 
The suspension does not irritate the bladder and no anaesthesia is needed. 
{adiograms were made of the filled bladder and possible ureteral reflux. The 
child was then turned so as to lie on its side and as many radiograms as possible 
nade during micturition. A further radiogram was made after the end of mictu- 
rition to show possible vesical residual and ureteral reflux. 

The results are shown in the table: 


Urography findings 
normal pathological 
MC-findings pathological 53 25 28 
» normal 26 20 6 
Totals 79 45 34 
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In the cases where the results obtained by both methods were patholo. al, 
on 19 occasions the MC findings gave quite sufficient information, even ® out 
the upper urinary tract, whereas in only 9 cases did the urography 1 eal 
facts of interest beyond the MC findings. When the changes in toto are situ ted 
proximal to the vesicoureteral junction, no ureteral reflux is possible an in 
these cases the urography is of course the only method of demonstrating ‘he 
site of the changes; but of 59 pathological cases only 6 belonged to this gr: ip. 
The MC is also superior to the passive, retrograde urethrography. 

Urography was superior to the MCfindings in 15 cases of 79. 

Both methods were of equal importance in 30 cases of 79. 

The MC findings were superior to the urography, in which the findings \ «re 
insufficient in 34 cases of 53. 

To summarize the results, it can be stated that MC is a very valuable urologi:al 
roentgenological examination in childhood. The main indications are a) urinury 
infections of long standing or of recurrent type, b) when residual urine is found, 
c) in micturition disorders, d) in cases with congenital malformation of ihe 
lumbosacral spine or of the external genitals and e) in cases with enuresis of 
long standing. Owing to the radiation hazards to the gonads the MC may be 
carried out on indications other than those here mentioned only after special 
consideration. 


34. Treatment of Childhood Nephrosis 


H. Hrexxkara, L. Tuutrert and M. PAATELA 
Helsinki, Finland 


Sixtyfive cases of nephrotic syndrome, treated in 1947— 1956 at the Childrei:'s 
Hospital, Helsinki, have been reviewed. Of these 61 could be traced. 23 weve 
dead. In 28 cases, a follow-up examination was made, in ten cases informativn 
about the childs health was obtained by means of a detailed questionnaire. Fis: 
children are still under treatment. 

The observation period after the onset of edema in all cases was more th: 
one year and a half, and in 23 cases more than five years. 

The material was divided into three groups according to the treatme | 
employed. The first group consisted of 21 children with no hormone thera] 
mo treatment group», the second one of 26 children who had received one © 
more short courses of ACTH and/or cortisone, »short term group». The thi | 
group included 14 patients who had been treated by intermittent sterc | 
therapy for 9—15 months, »long term group». The results in the different grou s 
are shown in Fig. I. 
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Fig: 1. 


The mortality during the first five years of the disease was significantly 
lower in the »long term group» than in the two others. Though it is not yet 
possible to draw final conclusions about the influence of the long term therapy 
on the ultimate prognosis of nephrosis, it seems to prolong the life of these 
children. 

This work will be published in detail elsewhere. 


35. Congenital Deficiency of the Abdominal Muscles; 
A Series of Eleven Cases 


K. V. PARKKULAINEN 


Helsinki, Finland 


The age of the patients varied from three days to ten years. Ten were males, 
one was female. 

The syndrome consisted of the following components: 

1) Deficiency of the muscles of the anterior abdominal wall of varying degree. 
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The loss of muscular tissue was most severe in the lateral muscles. The up ver 
portions of the rectus muscles were least affected. The right side was alw ys 
more affected than the left. 

2) Urological anomalies in all cases sufficiently examined. The picture \ is 
that of lower urinary tract obstruction with residual urine, vesicoureteral refl: x 
into the dilated tortuous ureters and kidney damage. There was patent urachus 
in three cases. It is suggested that the cause of obstruction is the sharp forwa-d 
angulation of the bladder due to lack of support from the abdominal muscl:s. 

3) Non-descent of the testes in nine out of ten males. 

4) Various other anomalies: Pigeon breast, scoliosis, arthrogryposis, cardiv- 
vascular anomalies etc. 

Treatment consisted of cystostomy for three patients, nephrostomy for one, 
bladder neck resection for one and plastic operation of the abdominal wall for 
two. 

Six patients died between the ages of nine and thirty-six days, one at three 
months, one at seven years. Two males, aged nine and ten years, and the only 
female, aged one year, are living at the time of this report. 


36. The Treatment of Enuresis Nocturna with Conditioning Devices 


AXEL BIERING and INGER JESPERSEN 
Copenhagen, Denmark 


In this study, we have employed two different devices (Crosby: Med. J. 
Austral. 1950, p. 533 and Davidson & Douglass: Brit. Med. J. 1950, vol. I, p. 
1345). The results seem to be independent of the type. 

The aim of the study has been: 

1) To test the effect of the treatment upon the enuresis. 

2) To investigate if any harmful or favourable psychological effect of the 
treatment can be demonstrated. 

3) To investigate if the psychological examination or other factors permit 
a proper selection of children for treatment. 

We have treated 21 children aged five to 17 years. Four of these children have 
had »dry» periods of long duration. This condition is named »secondary» enuresis. 
We have not treated children with organic diseases in the urinary tract or in 
the nervous system, epilepsy, oligophrenia, present or former encopresis ot 
grave emotional disturbances. Otherwise the material is not selected. The 
children were examined before treatment and half a year after treatment. Both 
examinations have included personal interviews with child and parents, Ror- 
schach test and Children’s or Thematic Apperception test or Diiss test. The first 
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ex: mination has also included an intelligence test (Binet-Simon or Raven’s 
Pr: gressive Matrices, 1947). 

tesults: ad 1) 12 children were dry every night at the time of the follow-up 
ex:mination and three almost every night (one or two wet beds a month). 
Six children were unchanged or only slightly better. There were three relapses 
afier more than half a year: in a girl in connection with a gonorrhoea with 
urethritis, in a boy after a traffic accident with cerebral concussion, and 
in another boy during a conflict in the family. These children have not been 
treated again. 

ad 2) The general psychological condition was unchanged in eight cases. In 
nine cases it was better, and in four cases worse than before treatment. These 
four children had primary enuresis. Three of them were six to eight years old 
and thus in the period of adjustment to school. The fourth child was in puberty. 
They were all described as more inhibited. The inhibition did not exceed a phys- 
iologic degree. The adjustment to the environment was unchanged in eleven, 
better in eight and worse in two cases. No case of pathologic emotional distur- 
bance was observed. 

ad 3) We have investigated the relation between the result of treatment and 
the following factors: Familiar disposition, type of enuresis (primary or 
secondary), sex, age, emotional immaturity, I.Q., and type of personality 
(extrovert or introvert). None of these factors permits a selection of children 
for treatment as the results are good in all groups, although it seems that 
female sex and emotional immaturity decrease the chance of success. 

Like other investigators we have found a preponderance of emotional imma- 
turity among children with enuresis. Fifteen of the 21 children were 
characterized as emotionally immature. 


37. Psychosomatic Studies of Children with Congenital 
Heart Disease 


B. LANDTMAN and E. VALANNE 
Helsinki, Finland 


Eighty-three children with congenital heart disease were studied. The age 
if the children varied from 5 to 15 years. The authors were assisted by a team 
omprising a child psychologist, a social worker and ward personnel. 

Detailed information of the development and psychosomatic pattern of 
vehaviour was obtained from the parents prior to surgical correction of the 
cardiac malformation. Each of the patients underwent a thorough psychoso- 
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matic examination in the hospital. Follow-up examinations were carried « :t3 
and 12 months after the operation. The final evaluation of each case took | ce 
in the hospital in the same way as before the operation. 

Till May 1958, 42 of the children had been in the hospital for final evaluat. )n, 
All social classes and family backgrounds were represented. The heart dis« ise 
had been detected in infancy in 14 cases and in 15 cases after the fourth y. ar, 
The majority of the children had a patent ductus arteriosus. The exer ise 
tolerance was normal in 19 instances; the remainder of the children suffe ed 
from dyspnea on effort. Following surgery, the exercise tolerance was nori ial 
in 35 cases. Prior to operation, 27 of the children suffered from repeated up) er 
respiratory infections but only 6 after the operation. The physical condit:\n 
(weight and length) of the children improved considerably in most of the ca:es 
after the operation. X-ray examination revealed cardiac enlargement :in 22 cases 
before and in 10 cases after the operation. The corresponding figures for electi»- 
cardiographic signs of hypertrophy or strain were 32 and 14. 

According to the mothers, the pattern of behaviour of the children at home 
was normal in 21 cases. Twenty-one children showed symptoms of severe 
maladjustment (enuresis, encopresis etc.). Following operation an improvemeiit 
occurred in 17 cases. The attitude of the mother towards the children was 
considered normal in 24 and overprotective in 18 cases. 

The mean IQ value somewhat increased after the operation in the differeit 
age groups. 

The sleep was poor or disturbed in 24 cases before and in 9 cases after thie 
operation. The appetite, which was poor or fair in 25 cases before the operation, 
improved in 17 cases following surgery. 

Only one child was left with a negative impression of the operation and tlie 
hospitalization. 


38. Congenital Hyperpituitarism of Hypothalamic Origin; 
A new Diencephalic Syndrome with Endocrine Manifestations 


M. SEIP 
Oslo, Norway 


Three patients, two of whom are brother and sister, are presented. Fro: 
early infancy they showed the following main features: Acromegaloid gigantisn . 
extreme waste of subcutaneous fat, hyperlipemia, hepatosplenomegalia wil 1 
fatty infiltration of the liver and spleen, cirrhotic liver changes, abnorm | 
carbohydrate metabolism, general muscular hypertrophy with increas« | 
muscular glycogen, hypertrichosis, hyperpigmentation, punctuate corne. | 
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© acities, advanced bone age and dental development, and perhaps slight 
«. rdiomegaly (glycogen deposits?) and hypertension. The results of the most 
i; :portant laboratory studies in these patients are presented. 

rhe clinical features and laboratory data are explained by an increased forma- 
ton of several anterior pituitary hormones, growth hormone, ACTH, MSH, 
| .e adipokinetic hormone (adipokinin). Most of the signs and symptoms are 
(nought to be caused by hypersomatotropinism. The clinical observations, how- 
iver, favor the concept that an adipokinetic hormone, distinct from growth 
armone, is produced by the hypophysis, a concept which is still under debate. 

Pneumoencephalographic studies revealed dilatation of the third ventricle 
in two of the reported cases and of the basal cisterns in all three, pointing to 
« hypothalamic lesion. The hyperpituitarism is thought to be due to this hypo- 
ihalamic lesion. In the two cases belonging to the same family a hereditary 
inalformation of the diencephalon is thought to be present (possibly recessive 
inheritance). In this family the parents were second cousins. Both parents and 
me brother showed definite hyperlipemia with a similar pattern as our patients, 
hut to a lesser degree, and other signs of the disease were lacking. 

Two similar cases have been reported from Brazil by Berardinelli in 1954. 
[lowever, he did not give his attention to the diencephalon as the primary 
site of the disease. 


39. Retention of the Thyroid Gland 


HENNING ANDERSEN 
Copenhagen, Denmark 


A comparison is made of two groups of hypothyroid children, one with no 
functioning thyroid tissue anywhere, and one group with small amounts of 
sublingual retained or aberrant tissue as the only source of activity localized and 
estimated by [)*! (from 4—15% uptake). In patients under treatment this was 
stopped at least one month prior to the uptake study. Both conditions were 
considered to be fetal in origin, and the purpose of the study was to compare 
the outcome of the two groups which accidentally comprised 9 patients in 
each group. 

In the athyrotic group the diagnose was made in 6 cases within the first 
three months, in two cases before 6 months of age, and in 1 case (eskimo) the 
moment of time could only be fixed as »under one year». 

In the retention cases two children were diagnosed at the age of 4and7 months 

the rest were diagnosed at times from 2 to 7 years of age. The times of diagno- 
sis in this group roughly corresponded to the amounts of functioning tissue found. 
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The mental outcome was that in the athyrotic group 2 were mentally retard. |, 
the rest were feeble-n:inded. In the retention group, 6 were normal, one v. \s 
mentally retarded and one probably normal, diagnosis at the age of 4 anc 7 
months, respectively. 

The children have been treated from the time of diagnosis — thus the tre: - 
ment has been on the average of longest duration in the athyrotic group. 

It is not possible from the measurements of thyroid function in the retentic 1 
group to draw a definite conclusion about the activity of the fetal thyroids, bi 
one may assume that it has been subnormal. However, it has been sufficiei 
to maintain the children euthyroid for a shorter or longer period after birti:. 

It is tempting to assume, that the amount of sublingual tissue present in fet! 
life accounts for the better mental outlook in this group. Except for one chili! 
who died from toxoplasmosis, no signs of brain damage coinciding with th: 
athyrosis could be demonstrated, but for instance enzymatic defects could noi 
be definitely excluded. 


40. Fetal Thyroid Function 


HENNING ANDERSEN, HILDE LEvi and JoHN LIND 


Copenhagen, Denmark and Stockholm, Sweden 


To 29 gravida admitted for legal abortion, 30 micro-Curie of [4 was given al 
various intervals before the evacuation was performed. The fetal thyroids were 
dissected and their radioactivity estimated by a scintillation counter, and 
autoradiograms made. 

Activity could be demonstrated from fetuses of approximately 10 cm in length 
(crown-rump), corresponding to 12—14 weeks of gestation and at a time when 
thyroid follicles were beginning to differentiate. This corresponds to previous 
findings made by other investigators. 

During the 12th—25th weeks of gestation examination showed a steep and 
gradual increase in the thyroid activity. 

The relation, fetal thyroid activity to fetal length and weight, was similar. 

The total amount of ['*! taken up by the fetal thyroid increased from 0 to 
about 2% of the dose given. 

There was a good correlation between the activity as measured by the scin- 
tillation counter and that estimated by the autoradiograms. 

The interval between maternal intake of ['*! and the time of evacuation i.e. 
the time for fetal thyroid iodine uptake, didnot, within rough limits, seem to, 
have much influence upon the amount of uptake. This was confirmed by 
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s: ecting groups of fetuses of approximately equal weights and different uptake 
ti aes. One such group consisted of 9 fetuses weighing from 205—250 grams. 
Another group consisted of 4 fetuses weighing 250—280 grams. In these groups, 
it could be demonstrated that after approximately 6 hours an equilibrium was 
rcached, after which the activity in the thyroid was constant. From infancy 
aud onwards, this state of equilibrium is not reached until after 20—24 hours, 
which may indicate that the fetal thyroid has a very rapid iodine uptake. 


41. Dental Changes in Some Endocrine Disorders 


HENNING ANDERSEN and GRETHE HOLST 
Copenhagen, Denmark 


Examination was made of 19 children, aged 2—-16 years, with hypothyroidism. 
In 11 untreated or insufficiently treated cases, the bone development (Greulich’s 
Standard) was more retarded than the dental development. In 5 sufficiently 
treated cases they were identical, whereas in 3 extensively treated cases the 
hone age was more advanced than the dental age. Additionally, 5 cases of 
idiopathic pubertas precox were examined and they all showed a more advanced 
bone age than dental age. In the conditions mentioned, bone tissue seems to be 
more sensitive to variations in hormone (thyroid and sexhormones) secretion 
than does dental tissue. 

Dysmineralisation was found in a remarkably high percentage of cases 
(80% compared with the »normal» 5—18°%) and in most cases indicated intra- 
uterine dental disturbances. This may be due to lack of thyroid hormone during 
intrauterine life, and compares with bone retardation at birth seen in athyreotic 
children. 

Hypoplasia of the jaws, especially the mandibula, retarded formation of the 
dentin and signs of macroglossic pressure were frequent findings. 

The percentage of caries, often reported as high in this disease, was 37% of 
390 teeth examined (temporary and permanent) and well within »normal» 
limits (26—49%). 

The size, shape and number of the teeth were normal. 

Case reports are shown on the dental changes in hypoparathyreoidism, and in 
a peculiar case of hyperthyreoidism in a boy with mongolism. In this patient the 
dental development showed signs of acceleration (hyperthyroid?) together with 
retardation and malformation (mongolism?). 

In addition, the dental status of two patients with »non-endocrine» disorders 
are shown, one with ectodermal dysplasia, the other with chondroectodermal 


dysplasia (Ellis-vanCrefeldt). 
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42. Treatment of Diabetes in Children with Bz-55 


GUNNAR ENGLESON and ORLA LEHMANN 
Lund, Sweden 


Reports in publications of the results that have been obtained with sulphon, 
urea derivates in treating certain forms of diabetes of the aged are fairly una 
mous, but the information on the effect of the preparation against juveni 
diabetes varies somewhat. Little has been written about peroral thera) 
for diabetes in childhood and most authors are of the opinion that no defini! 
effect is obtained with these preparations and that they are to be regarded « 
contraindicated for this form of diabetes. 

In our experiments we employed Bz-55 in doses of from 4 to 7 g daily durin: 
the first days of therapy, aiming for an Invenol concentration as high a: 
60—-70 mg%, after which the dosage was slowly reduced. 

The material consisted of 12 diabetics aged 4—-12, 5 girls and 7 boys. Of these 
eight were newly discovered and 6 had not previously been treated with insulin. 
The duration of therapy was 3—-8 months in 3 cases, in the others only 1-2 
weeks. The therapeutic experiments were initiated at the beginning of 1955. 
starting with Invenol and dietary regimen only and gradually moving to a com. 
bination of insulin-Invenol and diet. 

Results: Of the 8 patients who had been given combined therapy, 4 wer 

~ newly discovered. It was possible in these cases to establish after the termination 
of treatment an exceptionally low insulin requirement for the age, less than 1() 
international units in all the cases. In 3 cases previously insulin-treated wi 
observed only a slight decrease in the insulin requirement. One patient deterio- 
rated rapidly under Invenol alone and entered into a pre-coma after 1—2 days. 
Two cases which it was possible to treat sclely with Bz-55 for a longer period 
showed gradually distinct signs of insulin deficiency, retarded growth and 
a poor general condition. It became necessary to switch to insulin. The thera- 
peutic results were unsatisfactory for 2 girls at the age of puberty. 

With the large doses of Bz-55 employed, there was a fairly high incidence of 
side-effects in the form of exanthema, fever and slight leukopenia despite 
prophylactic antihistamine therapy. In a number of cases these conditions led 
to discontinuation of the oral therapy. D 860 has also been tried and. 
administered in fairly large doses, has given similar results to Bz-55. 

We came to the summary conclusion that peroral treatment of diabetes in 
children can only be considered for new cases and then in combination with 
insulin and a dietary regimen. Long-term therapy -— even combined with 
insulin —- is not advisable in our experience. Peroral treatment for juvenile 
diabetes in general clinical practice is not advisable. 


ju 
in 
or 
th 


eff 
an 


in 
se 
gr 
eX! 
gly 
{ 
ure 
oul 
di 
ma 
stir 
re! 
hace 
‘| 
tre 
Tn 
it 


159 


43. Tolbutamide in Juvenile Diabetes 


YNGVE LARSSON 
Stockholm, Sweden 


Sulphonylurea therapy with tolbutamide was tested in 33 fresh cases of 
jus enile diabetes, 15 boys and 18 girls, from 1 to 16 years old. 

~. Tolbutamide alone in the initial phase of diabetes, without concomitant 
insilin (2 cases) produced no discernible effect on the levels of sugar in blood 
or urine. 

“. When tolbutamide administration was begun in a postinitial phase, when 
th patient had received insulin for some months (11 cases) a clear normalizing 
effect appeared in 2 cases, but ceased after treatment had been given for 1 
and 4 months, respectively. 

|. When tolbutamide was given in an early initial phase, concurrently with 
insulin, and the diet was moderately restricted (20 cases), a definite effect was 
seen in 18 cases. This effect, which is still present in 15 cases, took the form of 
greatly reduced insulin requirements: for long periods the patients required no 
exogenous insulin and yet showed normal blood sugar levels and absence of 
elycosuria. 

). Ina case of prediabetes a diabetic glucose tolerance normalized in association 
with tolbutamide therapy. 

6. The negative attitude which earlier writers have displayed to sulphonyl- 
urea compounds in juvenile diabetes is unwarranted. Under the conditions 
outlined here, such drugs can produce a remission in the postinitial phase of 
diabetes. Even if its effect proves to be transitory, early treatment in this form 
may favourably influence the continued course of the disease. 

7. These findings support the theory of a direct pancreotropic, beta-cell 
stimulating effect of tolbutamide. In the successful cases it may be assumed that 
remnants of islet tissue were stimulated to increased insulin secretion after they 
hid been protected by exogenous insulin against deleterious hyperglycaemia. 


41. The Height and Weight Development in Diabetic Children 


O. SomerSALO, H. H1EkKALa, L. Tuurert and P. RANTAKALLIO 
Helsinki, Finland 


The material consists of 317 children, 178 boys and 139 girls. They were 
treated at the Children’s Hospital, Helsinki, during the period 1947—1956. 
1 neir height and wcight development have been compared with normal investi- 


© ition material. 
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At the onset of the disease, the height and weight of these children did »ot 
differ from the normal material. In the group of diabetics who have had the 
disease for more than 6 years a slight retardation in the height developn >nt 
can be seen. In the weight curves there are no clear differences. However, am -ng 
the short children there are many patients who are overweight and h :ve 
hepatomegaly. 

The diabetics are divided into three groups according to the daily su..ar 
output.: 


1. sugar output less than 30 g/day 
2. sugar output 30—60 g/day 
3. sugar output more than 60 g/day. 


No significant differences from the normal controls can be seen in any of 
these groups. 

The physical development of the diabetics was also investigated accordiig 
to the occurrence of ketosis. No variations were found in the children belongiiig 
to the groups »no ketosis» and »occasionally ketosis». A slight tendency towards 
growth retardation can be noted in the children in the group »often ketosis». 


45. Periostal Thickenings in Childhood 


P.-E. and S.-L. KoskELa 
Helsinki, Finland 


Three cases are presented: two twin boys and a girl, all a little over one year 
old and from extremely poor social circumstances. There was no evidence of 
either hyper- or hypovitaminoses or of infection. The bone thickenings were 
periostal, and not cortical as in Coffey’s disease, and neither was their localisa- 
tion typical of that disease. The children recovered after some months without 
specific therapy. The diagnosis is open. 


46. A Case of Deforming Osteochondrodystrophy 


SAARA HEIKKILA and Tuomas PELTONEN 


Turku, Finland 


An one month old boy (with a weight of 3,200 g) was brought to the Clinic. 
where the child was seen to have abnormally short forearms and legs. Th» 
upper part of the external ear was also deformed. The child’s weight ha: 
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dropped to 2,000 g. The child was later examined several times during eight 
years. He was mentally underdeveloped, his I.Q. was 75, and he was aggressive. 
Deformities had gradually developed in the long bones and in the discs of the 
spinal column. The base of the skull was short. At the age of seven and a half 
years he was 101 cm long and weighed 17.3 kg. A cousin of the child’s paternal 
grandfather was only 155 cm long when fullgrown. 


47. Subluxatio Capituli Radii in Children 


O. SNELLMAN 
Helsinki, Finland 


Subluxation of the head of the radius is described, and it is emphasized that 
this is the most common lesion of the bones and joints in children under 5 years. 
As a result of traction, the head of the radius slips in the distal direction 
under the annular ligament, causing a painful condition without the simul- 
taneus occurrence of fracture or luxation of the elbow. Patients with this type 
of lesion are most frequently seen by surgeons, but the lesion is not uncommon 
in pediatric practice, either. The symptoms are few: a sudden pain and slightly 
limited extension and flexion. There is no swelling over the capitulum 
and X-rays are negative. 

The diagnosis is verified by reposition, which does not need anesthesia. — 
A series of 474 cases is presented, consisting of 190 boys and 284 girls. The 
majority of patients were between 1 and 3 years old. 

(To be published in the Acta Orthopedica Scandinavica 1959.) 


48. Nivergelt Syndrome and Its Treatment 


K. SoLonEN and M. SuLAMAA 
Helsinki, Finland 


The presented case, a boy 2.5 years of age, with congenital malformed fore- 
arms and legs, is similar to the only published case of Nievergelt. In this case, 
however, familiar inheritance could not be traced. Because of the severe valgus- 
position, walking was not possible. Both the tibia and the fibula were rhomboid 
and the epiphyseal lines crossed rectangularly. An osteotomy and wedge resec- 
tion brought the epiphyseal lines to a nearly normal direction, and the boy 
became able to stand and walk. 


11 — Acta Paediat. Congress 
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49. Premature Synostosis of the Cranial Sutures 


M. SuLAMAA and L. LAITINEN 
Helsinki, Finland 


Because of premautre fusion of the cranial sutures, the expansion and devel- 
opment of the normal brain of the child will often be disturbed. 

Grotesque deformities of the skull develop. The intracranial pressure increases, 
headaches, vomiting and convulsions follow. Papiledema leads to optic atrophy 
and impaired vision, and there will be retarded physical and mental develop- 
ment. 

At the Children’s Clinic in Helsinki, 60 cases of craniosynostosis have been 
operated on. A modified linear craniotomy was carried out, the bone margins 
being covered with polyethylene film. The results of the operation were good. 
The cranial deformity became less severe or was wholly corrected. The papil- 
edema, headaches, vomiting and convulsions disappeared. The vision, the 
physical and the mental development improved. 

The authors emphasize the importance of early operation. 

The typical forms of craniosynostosis were pressented in pictures. 


50. Acute Bacterial Meningitis in Children 


JyrRK1 Kauntio, MARIANNE PAATELA and ILARI RANTASALO 
Helsinki, Finland 


During the twelve-year period 1946—57, altogether 379 infants and children 
with acute bacterial meningitis were treated at the Children’s Hospital, Uni- 
versity of Helsinki, and the municipal Aurora Hospital. 

The bacteriological diagnosis was established in 84% of the cases. 
H. influenzae was the causative organism in 29%, N. meningitidis in 21%, 
and Str. pneumoniae in 20% of the cases. Some other bacteria were found in 
fourteen per cent of the cases. 

One fourth of the patients were less than 3 months of age at the onset of the 
illness. Two thirds became ill during their first year of life. The unreduced 
mortality was 29% in the whole series. It was highest in the younger age groups. 

Around 40% of the fatalities occurred during the first 24 hours in hospital. 
It was felt that the first measures of treatment should be directed to the allevia- 
tion and prevention of the circulatory collapse often present on admission, brain 
anoxemia and other symptoms of shock. 
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During the six-year period 1952—57 there was no mortality after 24 hc rs 
at hospital in the group caused by N. meningitidis. In the cases caused \y 
H. influenzae and treated with chloramphenicol this reduced mortality was | 
In the Sir. pneumoniae group the mortality was 11% when large doses of pc :- 
cillin were used. In the heterogeneous group of bacteria other than those m: .- 
tioned above, the mortality was dependent upon the nature of causative org: ::- 
ism and varied within wide limits. 


51. The Effect of Whooping Cough Vaccine on the Incidence ¢ 
Whooping Cough during an Epidemic in Helsinki in 1957 


Mikko HirvENSALO and Nitto HALLMAN 
Helsinki, Finland 


The material consists of 255 cases which came to the knowledge of the child 
welfare centres, and 182 hospitalised cases of which 82 were treated at thi 
Children’s Clinic and 100 at the Aurora Hospital in Helsinki. 

Children who had been given Per-Dif vaccine at least twice at the maximun 
interval of 3 months were regarded as vaccinated. 

In the welfare centre material about a half were vaccinated children 
Whooping cough morbidity was c. three times greater among non-vaccinatec 
than among vaccinated children. 

The disease was of longer duration and more serious among the non- 
vaccinated. In these cases the disease lasted for over 6 weeks in 73 per cent, 
while the corresponding figure was 44 per cent for the vaccinated cases. The 
welfare centre material included 7 cases of pneumonia among 130 non-vaccinated 
children while not a single case occurred among the 125 vaccinated cases. 

Of the children treated in hospital, c. 9/10 were non-vaccinated. Pneumonia 
occurred in 45 per cent of the cases, almost exclusively among the non- 
vaccinated children. 

It may consequently be stated that although vaccination against whooping 
cough does not provide absolute protection against the disease its beneficial 
effect is nevertheless fairly evident. 
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5!. Torsion of the Stomach as a Cause of Vomiting in Infancy 


SiguRD EEK and HENRIK HAGELSTEEN 
Oslo, Norway 


Torsion of the stomach as a cause of vomiting in infancy is common. A collec- 
on of gas raises the transverse colon to a position between the liver and the 
enterior abdominal wall, and the colon, being attached to the greater curvature 
of the stomach through the gastrocolic ligament, twists the stomach forwards 
and upwards. The radiological findings are strikingly alike in all cases. Torsion 
is best displayed when the patient is examined by X-ray in the erect position. 
‘Ie is placed in a special cotton garment, suspended by four straps, which at the 
same time hold the head erect. 

The chief symptom is vomiting, sometimes projectile, beginning soon after 
birth. 

Treatment is simple: the baby is placed either prone or on its right side. 


53. Follow-up Examination of Children with Hypercalcemia 


N. Hatuiman, H. HiexKata and A-L. RINNE 
Helsinki, Finland 


Thirteen cases of hypercalcemia were treated at the Children’s Hospital, 
Helsinki, during the period 1952—-1956. At the onset of the disease they were 
six to twelve months of age. All of them had received vitamin D in abundance. 
Two patients died in the acute stage of the disease, and one three years later. 

We have been able to follow 8 of the remaining 10 cases for 3 to 6 years. 
The period of hypercalcemia varied from 6 to 18 months. At the present time 
they all have normal plasma calcium as well as phosphorus and phosphatase 
values. Urea N was high in all cases at the beginning and 4 show still elevated 
values. 

The growth has been slow in all these patients. The bone age that was earlier 
retarded is now normal. The mental development was more or less retarded in 
all cases during the first year of the disease. Two of them now have a normal 
IQ, four are slightly and two severely mentally retarded. 

Calcifications in muscles and lungs were found in seven cases. Three of them 
are dead, and in four cases the calcifications have disappeared. Osteosclerosis 
was found in all cases, and it is still present in two patients who have developed 
a craniostenosis (the same two are severely mentally retarded). One girl has had 
nephrolithiasis and one boy cornea calcifications for three years. 
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34. Two Cases of Idiopathic Hemosiderosis of the Lun; 


K. OsterLtunp and P-E. HEIKEL 
Helsinki, Finland 


Two cases of idiopathic hemosiderosis of the lung have been diagnosed in i ie 
Children’s Clinic, Helsinki. The diagnosis has been made on the basis of 
the clinical, roentgenological and biopsy findings. 

Case 1. Boy, born 1954. He had been pale since birth and often afflicted |,y 
respiratory infections. At the first admission to the Clinic at the age of 1 year 
and 2 months, the roentgenological findings were typical of idiopathic hemo- 
siderosis of the lung. During the following two years he had repeated attacks of 
bleeding into the pulmonary parenchyma, attended by a lowered generiil 
condition, anemia and respiratory distress at every attack. Macrophages con- 
taining hemosiderine were found by gastric lavage. During deltacortisone 
therapy of about one years duration the condition was somewhat improved. 
In april 1956 splenectomy was performed. Immediately thereafter, he had « 
pneumonia but the condition was then unchanged compared with the pre- 
operative state. Six months later, a new attack of severe bleeding into the 
pulmonary parenchyma suddenly ended fatally. The diagnosis was verified by 
autopsy. 

Case 2. Boy, born 1948. At the age of 3 years he was found to be anemic 
and suffering from respiratory infection. The anemia then went on unchanged, 
and was supposed to be due to alimentary factors until the roentgenological 
findings at the age of 6 years seemed to indicate hemosiderosis of the lung. 
The diagnosis was verified by gastric lavage. In spite of signs of increasing pul- 
monary fibrosis, the course of the disease has since then been moderately 
improved and the boy is still alive in rather good condition. 

Two series of chest radiograms are presented showing the rapid variations 
of the roentgenological chest findings. 


55. An Apparatus for Continuous Drop Infusion into the Veins of 
the Scalp in Infants 


O. SNELLMAN 
Helsinki, Finland 


To be published later in the Acta Paediatrica. 
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56. Intravenous Administration of Fat 


KAuSTE 
Helsinki, Finland 


[he author has prepared a fat emulsion suitable for intravenous use. The 
composition of the emulsion is: olive oil 20%, glucose 5%, egglecithin 3% in 
distilled water. 

The emulsion has a droplet size of less than 2 uw, and a caloric content of 
2,050 Cal./litre. Elevation of temperature, 1°C or more, during or after infusion, 
was observed in 5%, and other side effects in 3% of cases. 

Intravenous therapy with this emulsion was given in about 50 cases with 
whom feeding by mouth was impossible or unsuccesful. The children were daily 
given 2—6 g fat pro kg body weight. In the exhibition, the author demonstrated 
one of the treated children who gained weight well on this regime. 

Children of different ages and with metabolic disturbances of different types 
were given intravenous fat injections (0.5 g fat per kg body weight). The duration 
of the hyperlipemia was studied. In young infants and prematures the lipaemia 
lasted for a longer time than in older children. An extraordinary longlasting 
hyperlipemia was observed in the nephrotic syndrome. On the contrary, there 
was observed a very short lipemia in children suffering from hepatitis and 
cirrhosis of the liver. 
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Scientific Films 


The following scientific films were shown at the Congress: 


1) Heart Cathetrisation and Angio-Cardiography with an Image Amplifi r. 
Hirvonen, L., Grisse, P. O., Linp, J., PELTONEN, T. and WEGELIUS, (., 
Stockholm, Sweden and Turku, Finland. 

2) The Abdominal Reflexes and their Clinical Significance in the Infan . 
Harem, O. K. 

Bergen, Norway. 

3) A Case of Hypoglycaemia Treated by Resection of the Pancreas. 
GRIPENBERG, L. and SNELLMAN, O. 

Helsinki, Finland. 

4) Physiological Studies in Connection with Prolonged Perfusions of Foeta 
from Legal Abortions. 


NYBERG and WESTIN. 
Stockholm, Sweden. 
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Rules of the Nordic Pediatric Association 


Section 1 


‘lhe object of the Association is to promote scientific and practical interest 
in pediatrics in the Nordic countries, in particular by holding congresses in the 
respective countries in turn. At these congresses only Members of the Associa- 
tion have the right to vote. 


Section 2 


i:very physician interested in pediatrics may, if proposed by the Council 
of the country concerned, be admitted to membership of the Association 
provided that he is a member of the pediatric branch or society of his country. 
Notice of application for and resignation from membership shall be made in 
writing to the secretary of the country in question. 

The membership fee is fixed at the congress by the Members of the Associa- 
tion on the motion of the Board. 

Honorary Members of the Association and of the Board may be appointed at 
congresses on the motion of the Board. Honorary Members and Members over 
sixtyfive years of age pay no membership fee. 


Section 3 


The Board consists of four Members from each country, elected at a congress 
or other meeting of the Association. A Secretary is elected by each country from 
ainong the Board Members. The Secretary in the country where the congress 
is held will function as the Secretary-General and represent the Association 
until the following congress. He will edit and publish the transactions of the 
congress. 

The Secretaries maintain a list of the Members of their countries, collect the 
membership fees and keep accounts. The financial year ends on March 31. The 
accounts for each individual country must be inspected and approved yearly 
by its Auditors. 

During a congress year the Secretaries shall be responsible for sending to the 
Secretary-General within May at the latest a summary of the accounts for the 
years elapsed since the last congress. The Secretary-General shall draw up 
a joint statement of accounts for all the countries and this shall be inspected 
and signed by all the Auditors. 


Section 4 


Preparations for congresses shall be the responsibility of the Board and 
specifically of the Board Members in whose country the congress is to be held 
A President will be responsible for the conduct of the transactions and wil 
lay down the agenda; he will be assisted by the Vice-Presidents elected from the 
other countries represented at the congress. 

The fee for each individual congress shall be fixed by the Council in the 
country in which the congress is held. 

Physicians who are not members of the Association may also attend con 
gresses against payment of a fee fixed by the Board. 


Section 5 


On the motion of the Board, the time and place of the next congress will 
be fixed at the congress, and the Secretary-General of the preceding congress 
or his deputy shall submit the accounts of the Association, duly audited, for 
approval. 

The congress shall elect a President for the next congress. 

In addition, an Auditor shall be elected from each country. 

The agenda must be fixed and Members notified accordingly at least four 
months before the next congress. 


Section 6 


Proposed amendments to these rules must be put to the Board not later than 
one month before the congress of the Association meeting at which the proposals 
are to be discussed. Such amendments require two-thirds of the votes of the 
Members present. 
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Introduction 


One in every four to five pregnancies is 
“heterospecific” according to the present 
usage of that term. This means that the 
infant belongs to a different ABO blood 
group than the mother and has an agglu- 
tinogen in his red cells which she does not 
possess, and she will naturally have the 
corresponding opposing isoagglutinin in 
her serum. The following list shows the six 
blood relationships — in 


possible group 


heterospecific pregnancies. 


Maternal Infant's Maternal 
Blood Group Blood Group Agglutinin 
O A or B Anti-A, Anti-B 
A B or AB Anti-B 
B A or AB Anti-A 


A priori, one might expect that hemolytic 
disease of the newborn is liable to occur 
in all such pregnancies owing to the effects 
of the opposing maternal agglutinin on 
her offspring. Clearly, the infant is usually 
shielded against harmful effects of these 
antibodies by a variety of factors (1), (2). 
However, the protective mechanisms are 
now known to be frequently incomplete. 

Many investigators have studied this 
h'ood group relationship and its possible 
harmful effects on the infant, and the 
|lowing main conclusions have emerged: 

1. In heterospecific pregnancy, the level 
©' the opposing naturally-occurring mater- 
nil agglutinin which is active in saline is 
li:ble to rise under the stimulus of the 
f tal antigen. This rise is quite small during 
} egnancy and is usually most marked 
a ter delivery; according to Boorman and 
h-r associates (3) it reaches its peak most 


frequently between the 10th and 20th days 
postpartum. 

2. A variety of “immune” antibodies 
have been described within the ABO 
system. These may be demonstrated by a 
shift in the thermal optimum of agglutina- 
tion in saline from normal (4°C) to 37°C, 
or by the presence of “incomplete” agglu- 
tinins, hemolysins, opsonins, or of sensitiz- 
ing antibodies which will cause agglutina- 
tion of A or B cells in the presence of anti- 
human-globulin serum. 

The shift in thermal optimum (4) (5) is 
a noteworthy but inconstant phenomenon. 

Immune or “incomplete” agglutinins 
(Wiener’s “‘glutinins’’) act only in colloid 
media, such as serum (6), acacia (7), or 
albumin which probably take part in the 
reaction.! They are difficult to demonstrate 
in the presence of naturally-occurring 
‘‘saline-agglutinins” unless they are pre- 
sent to a higher titre; they can, however, 
be shown up if the saline-agglutinins are 
first neutralized by the addition of A or 
B group specific substance (8). Similarly, 
the sensitizing antibody may be demon- 
strated if the serum gives a positive indirect 
antiglobulin test with homologous cells, 
either to a higher titre than that of agglu- 
tination in saline or else after prior removal 
of saline-agglutinins by absorption with 
group specific substance. Hemolysins are 
demonstrated more easily and often very 
usefully (9). They have long been known 


1 In these articles the terms “saline-agglu- 
tinin” and “incomplete agglutinin” will be used 
for agglutinin acting in saline and only in a 
colloid medium, respectively. 


— 


to increase in titre postnatally in the 
maternal blood as a result of heterospecific 
pregnancy, somewhat like saline-agglu- 
tinins (10). Opsonins (11) have not vet 
been used extensively for diagnostic pur- 
poses. 

These ‘immune’ antibodies are not pre- 
sent universally like saline-agglutinins, but 
they may all be found in normal persons 
who have not been sensitized by pregnancy 
or transfusion. Thus small amounts of 
anti-A incomplete agglutinins were found 
in 12% (12) and 22% 


group O blood donors, and anti-A hemo- 


(13) of random 


lysins have been still more widely en- 
countered (14) (15). 

3. At birth, the infant has not yet 
produced any anti-A or anti-B agglutinins 
of his own. Compatible maternal anti- 
bodies, including saline-agglutinins, cross 
the placenta readily and can be demon- 
strated in the infant’s serum. In hetero- 
specific pregnancy, incompatible saline- 
agglutinins can only rarely be found in 
the baby’s serum and are probably largely 
removed or neutralized in the placenta 
(16). Incompatible incomplete (or “‘uni- 
valent’) agglutinins reach the infant more 
often (17). Incompatible sensitizing anti- 
bodies also pass through the placenta 
the 
indirect 


frequently, thus causing infant's 


serum to give a_ positive anti- 
globulin test against adult red cells of his 
own group. 

4. The great majority of infants born 
of heterospecifie pregnancy appear clini- 
rally to be perfectly well. However, if one 
investigates cases of benign neonatal 
jaundice commencing within 24 hours of 
birth and unaccompanied by any blood 
change apart from occasional mild anemia, 


one finds that a very high proportion are 
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associated with maternal-fetal ABO in 
1944 Halbrecht (18 
reported 60 instances of this conditio: 


compatibility. In 


which he termed “‘icterus neonatorun 
praecox”’, and in 95% of these th 


pregnancy had been heterospecific. Hi 
work was confirmed by others (19) (20) (7) 
although the incidence of heterospecific 
pregnancy in subsequent similar series oi 
patients was not quite as high. 

5. A small minority of infants born o! 
heterospecific pregnancy develop the full- 
blown picture of hemolytic disease of the 
newborn due to ABO iso-immunization 
Many such cases have now been recorded, 
and the commonest symptomatology is 
which 


*“Anemia neona- 


evidently “‘icterus gravis” may 
lead on to kernicterus. 
torum” is somewhat less frequent, and 
“hydrops fetalis” has only rarely been 
recorded (21) (22) (23) (24) (15). In nearly 
all these cases of hemolytic disease th« 
mother belongs to Group O and the infant 
to A or B (25) (26) (27) (15). The diseas« 
differs somewhat from that due to Rh 
incompatibility. Thus in } to } of th 
ABO cases the mother is a primigravida: 
also the infant usually has hematologica! 
changes in the form of microspherocytosi: 
and increased red cell fragility (23) (28). 

6. It is now thought that 
praecox”’ represents only a mild form 0 


“ieteru 


hemolytic disease due to ABO iso-im 
munization (29). This has broadened th: 
concept of the latter condition and implic 
that the disease is usually mild and }: 
quite common, in fact more common tha» 
that due to Rh incompatibility (30) (26). 
As one of us has pointed out previous! 
(31), there are two main difficulties i 
estimating the true incidence of hemolyt 
disease caused by ABO antibodies. T! 
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rst is that of definition, for many cases 
are so mild as to shade off imperceptibly 
iito early “‘physiological’ icterus, with 
onset of jaundice after the first day. The 
second is that of serological diagnosis, for 
this may be suggestive but is rarely 
conclusive. 

7. In regard to serological evidence, the 
presence of a greatly raised maternal 
anti-A or anti-B saline-agglutinin titre 
and/or the demonstration of maternal 
“immune” anti-A or anti-B antibodies are 


of ABO 


hemolytic disease in the presence of a 


suggestive of the diagnosis 
characteristic clinical and hematological 
picture in the child, when other blood 
group incompatibilities have been ex- 
cluded. However, such changes may be 
present in a mother, and may even arise 
owing to immunization by the fetus, 
without necessarily causing any harm to 
the infant (32). So for diagnostic proof 
the presence, and preferably the action, 
of the offending antibody in the infant 
must be demonstrated. The finding of 
incompatible maternal incomplete agglu- 
tinin (“glutinin’’) or sensitizing antibody 
in the baby’s serum supports the diagnosis, 
hut evidence of attachment of antibodies 
to the baby’s red cells is still better proof. 
Unfortunately, the direct antiglobulin test 
with commercial antiglobulin serum is 
usually negative or only weakly positive 
in infants affected by ABO hemolytic 
disease, so that this diagnostic tool has 
There 
remains the most convincing evidence of 


often been of little assistance. 
all, a reduced survival time of red cells of 
his own group transfused into the infant 
#s compared to that of group O cells (33) 
(34) (35) (36), but this test is rarely practi- 
‘ible in routine work. 


The serological methods of diagnosis in 
ABO hemolytic disease may thus be 
tabulated as follows: 

I. Demonstration of ABO incompati- 
bility between mother and child with ex- 
clusion of any maternal immunization in 
other blood group systems. 

II. Demonstration of anti-A or anti-B 
saline-agglutinin in high titre in the mater- 
nal serum. 

III. Demonstration of “immune” anti- 
A or anti-B antibodies in the maternal 
serum — 

1. Saline-agglutinins, exhibiting optimal 

agglutination at 37°C. 

2. Incomplete agglutinins, as shown by: 


(1) agglutination at a greater dilu- 


tion in colloid media than in 


saline, 


ty 


persistence of agglutination in 
colloid media, after neutralization 
of saline-agglutinins by group 
specific A or B substance. 
3. Sensitizing antibodies, as shown by 
positive indirect antiglobulin test 
(1) at higher titre than agglutination 


in saline, or 
(2) after neutralization of saline-ag- 
glutinins by group specific A or 
B substance. 
4. Hemolysins, active at 37°C. 
5. Opsonins causing erythrophagocy- 
tosis. 
IV. Demonstration of 
anti-A or anti-B antibodies in the infant. 


incompatible 


1. Presence of incompatible antibodies 
in the serum. 
(1) saline-agglutinins (rarely). 
(2) incomplete agglutinins. 
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(3) sensitizing antibodies, 
(4) hemolysins. 


Positive direct antiglobulin test. 

3. Reduced survival time of red cells of 
his own group transfused into the 
infant. 


Objects of Present Study 


In order to elucidate the incidence and 
natural history of hemolytic disease due 
to ABO iso-immunization, we decided to 
perform a prospective study of a number 
of pregnant Group O women and their 
offspring. In this way it was hoped to 
compare the serological findings in regard 
to different forms of ABO antibodies in 
homospecific and heterospecific pregnan- 
cies, and in primigravidae and multi- 
gravidae, from early pregnancy to the 
puerperium. Further, it was planned to 
relate the maternal data to the clinical, 
hematological and serological status of 
the infants. The latter was to be compared 
with the findings in a separate group of 
babies presenting with frank hemolytic 
disease due to ABO iso-immunization. 


Methods! 


For various reasons it was decided to 
omit the study of shifts in the thermal 
optimum of agglutination (III.1.) in the 
above list), of the maternal indirect anti- 
globulin test without neutralization (II1.3. 
(1)), of opsonins (IIT.5) and of erythrocyte 
survival in the infants (IV.3). In view of 
difficulties in maintaining fresh supplies of 


1 We are indebted to Dr. B. P. L. Moore, 
Director, National Laboratories, Canadian Red 
Cross Blood Transfusion Service, Toronto, 


Ontario, for working out the details of these 
techniques. 

* Supplied by the armour laboratories. 
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AB serum it was also decided to use 20 °, 
bovine albumin? as a colloid medium it 
testing for immune agglutinins, and thi: 
proved quite adequate. The following 
methods were adopted: 


ABO Group and Rh Type. The ABO 


groups of both mother and infant wer 
determined by testing their cells against 
Anti-A and Anti-B sera, and their sera 
against known group A, and B cells. After 
the tubes had been kept at room tempera 
ture (20°C) for one hour, readings wer 
made macroscopically. 

The Rh types of mother and _ infant 
were determined by using saline-active 
antisera; in some cases anti-D, anti-C, 
anti-E and anti-c were used, but in the 
majority of instances only the D type was 
determined. The tubes were incubated at 
37°C for 1} 
macroscopically. 


hours before being read 


In all instances 3% suspensions of ap- 
propriate cells in saline were used and 
the tests were made in 6 * 50 mm tubes. 

Investigation of Maternal Sera for Irre- 
gular Antibodies. All maternal sera were 
first tested against a pool of trypsinized 
group O cells from two or three persons 
with the probable Rh-genotypes CDe/cd« 
and cDE/cde, and with as many othe: 
antigens known to be a potential cause o! 
hemolytic disease of the newborn, a: 
possible. Sera giving agglutination by thi 
method were then investigated to deter 
mine the specificity and the titre of th: 
antibody by the method next to be de 
scribed, with the exception that in thi 
instance the temperature of incubatio: 
was 37°C for both saline and albumi 
titrations. 

Method for Determining the Titre « 
Anti-A and Anti-B Agglutinins. Doublin 
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«lutions of the serum were made from 
up to joo Using a one drop technique 
i: 6 x 50 mm tubes. To each tube of one 
t.tration series in which saline had been 
used as the serum diluent, one drop of a 
2°, suspension of cells in saline was added 
and the tubes were kept for two hours at 
room temperature (20°C) before the reac- 
tions were read microscopically. In the 
other titration series, 30 % bovine albumin 
was used as diluent, and the cells in 2% 
concentration were also suspended in this 
medium; the period of incubation was two 
hours at 37°C. The method of reporting 
the results is that described by Race and 
Sanger (37). 

Detection of Hemolysins. Doubling dilu- 
tions of the serum were made from } to 
|; using a two drop technique in 10 * 75 
mm tubes. Two drops of complement 
(reconstituted guinea-pig serum)! were 
added and one drop of a 20% suspension 
of washed group A, or B cells in saline. 
After 2 hours’ incubation at 37°C the 
reactions were read, the end-point being 
a trace of pink throughout the supernatant. 
Kach batch of complement was standard- 
ized with complement of known activity. 

Direct Antiglobulin Test. (a) Routine. 
Two drops of antiglobulin serum were 
added to two drops of a twice washed 2 % 
cell suspension in saline in a 6 * 50 mm 
tube. The mixture was incubated for ? 
hour at 37°C before being read macro- 
-copically. 

(b) Titration method using native serum. 
rabbit 


jilutions of native (absorbed) 


rum? were made as follows: 1 : 10, 1 : 50, 
1 Supplied by the Provincial Public Health 
iboratories, British Columbia. 

2 Supplied by the Ortho Pharmaceutical 
orp., Raritan, New Jersey. 
* Supplied by Sharp and Dohme. 


1: 100,1:200 and 1: 500, using a one 
drop technique. One drop of washed cells 
in 2 % suspension was added to each tube. 
The mixture was incubated for ? hour at 
37°C and the reactions were read macro- 
scopically. 

To control both these methods, normal 
unsensitized red cells and red cells pre- 
viously weakly sensitized with an in- 
complete anti-D serum were used with the 
same batch of antiglobulin serum. 

Indirect Antiglobulin Test. Two drops of 
the serum to be tested were added to one 
drop of a 4% suspension of washed cells in 
saline in a 6 x 50 mm tube. Each test was 
set up in duplicate; one tube was incubated 
for one hour, the other for two hours at 
37°C. After incubation the cells were 
washed three times in large volumes of 
saline, and treated as described above un- 
der Direct Antiglobulin Test (Routine). 

Detection of Incomplete Agglutinins. 
Various proportions of A and B Group 
Specific Substances (G.S.S.)* and serum 
were used in order to obtain a mixture 
in which the saline-aggiutinins were just 
neutralized. 

In five 12 


mixtures were prepared: 


x 75 mm tubes the following 


Parts of G.S.S. 1 2 3 4 7 9 
Partsof Serum 1 1 1 1 1 1 
Serum dilution 3} 4 34 } 


The tubes were shaken, left at 20°C for 
5-10 minutes, then one drop of washed 2 % 
suspension of appropriate cells in saline 
was added to one drop of each mixture 
and the tubes were incubated for one hour 
at 37°C. The reactions were read micro- 
scopically. If Group Specific Substances A 
and B did not neutralize the saline- 
agglutinins, Group Specific Polysaccha- 


py 
it | 
his 
ing 
BO | 
er’ 
nst 
ra 
ter 
ra 
nt 
ve 
C 
he 
"as 
at 
ad 
p- 
ad 
re 
ns 
] 


1. 


12 G. C. ROBINSON AND H. G. DUNN 


The incidence of the various possible combinations of ‘‘immune’’ anti-- 


antibodies in 63 female and 109 male group O blood donors. 


After Neutralization 


Anti-A Indirect Incomplete Female Male Total 
hemolysin AHG test agglutinin cases % cases % cases 9 
16 25 37 34 De 3 
2 1 2 
2 3 2 2 4 2 
3 5 l 1 4 2 
1 2 0 0 1 l 
3 5 2 2 5 3 
14 22 26 24 40 23 
23 36 40 37 6¢ 37 
Total 63 109 172 


ride! A or B was tried diluted 3), or, failing 
that, ;5 until complete neutralization was 
obtained. The mixture showing “weak” 
or “negative” reactions was then titrated 
against appropriate A, or B cells in 20% 
bovine albumin, using a one drop techni- 
que in 6 «50 mm tubes, as described 
above. An indirect antiglobulin test was 
performed on the first tube of the neu- 
tralized saline titration series showing no 
agglutination. 

Hemoglobin concentration was deter- 
mined as oxyhemoglobin using 0.007 N. 
NH,OH as diluent and a Klett-Summerson 
photoelectric colorimeter. 

Total Serum Bilirubin.2 The method of 
Malloy and Evelyn (38) was modified by 
adding 0.5 ml fresh Diazo Reagent (or 
Diazo Blank) to 1.5 ml of an aqueous dilu- 
tion of serum (1 in 30) and then adding 
2.0 ml methanol. After standing for 30 
minutes the difference between the optical 


1 Supplied by Sharp and Dohme. 

2 The authors are indebted to Dr. J. Eden, 
Chemical Pathologist, The Vancouver General 
Hospital, for this modification. 


densities of test and blank was measured 
at 550 my and the total serum bilirubin 
concentration calculated. 

Osmotic Fragility. The method of Par- 
part et al. (39) was used. Readings were 
made with a Klett-Summerson photo- 
electric colorimeter. 

Examination of Blood Film. Wright's 
stain was used on films made from fresh 
oxalated venous blood or from blood 
obtained by heelprick. Spherocytes were 
reported as number per oil immersion 
fields of 100 red cells (1+ =1 to 2, 2-4 
2 to 3, 3+ =3 to 4, 4+ =4 or more). 


Preliminary Study 


To determine the serological status of 
the local population and to gain experienc 
with these methods, a number of randon 
group O blood donors were tested initially 
This study will not be reported in detai’ 
here, but the following points deserv: 
mention: 

(1) Among 69 female donors anti-A 
hemolysin in small amounts was found i1 
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33 (48%) while anti-B hemolysin was 
detected in only 10 (14%). Of the 10 women 
with anti-B hemolysin, 7 also had anti-A 
hemolysin. 

Similarly, among 112 male donors anti- 

hemolysin in small amounts was found 
in 47 (42%), whereas anti-B hemolysin 
was detected in only 3 (3%), all of whom 
also had anti-A hemolysins. 

This higher incidence of anti-A as 
compared to anti-B hemolysins in group O 
persons has been noted previously (13) 
(14). 

(2) 63 female and 109 male group O 
donor sera were examined for anti-A 
hemolysin and both for incomplete anti-A 
ayglutinins and by the indirect anti- 
globulin test against A, cells after neutrali- 
zation of saline-agglutinins. The results are 
listed in Table 1. 

Thus there was a fair correlation between 
the incidence of the different forms of 
“immune” antibody, and 37% of all 
donors showed all three forms in their 
serum. Only 25% of the women and 34% 
of the men were completely “‘nonimmune”’ 
hy these tests. Among the rest, the indirect 
antiglobulin and incomplete agglutinin 
tests were more often positive than the 
hemolysin, and in this regard the donors 
differed from the pregnant women exam- 
ined later. 


Clinical Material 


\ll women attending the Prenatal 
Conic at The Vancouver General Hospital 
hid ABO grouping and Rh-typing per- 
fo med at their first visit. About half of 
th se women were unmarried. All Rh-nega- 
ti e women with Rh antibodies and those 
0: group A, B or AB, regardless of Rh 
ve, were excluded from the study. In 


this way a series of 154 group O women 
was collected. Further blood specimens 
were taken during subsequent clinic visits 
in the prenatal period, in hospital during 
the first week after delivery and at the 
subsequent clinic visit postnatally, usu- 
ally about six weeks postpartum. Cord 
bloods were obtained from all infants. 
Each baby was examined by the same 
pediatrician daily until discharge. 

Of the 154 women, 100 proved to have 
homospecific and 54 to have hetero- 
specific pregnancies. In each group there 
was one pair of twins, so that 101 infants 
resulted from homospecific and 55 from 
heterospecific pregnancies. There were no 
stillbirths or neonatal deaths. 

The heterospecific cases were studied 
fully, while in the homospecific group 
only 49 pregnancies were investigated in 
regard to the behavior of anti-A and 20 in 
regard to anti-B antibodies. To detect 
maternal agglutinin, titrations were per- 
formed in saline at room temperature and 
in albumin at 37°C. Maternal sera were 
also tested for hemolysins, and following 
complete neutralization with A and B 
substance, indirect antiglobulin tests were 
undertaken and agglutinin titration in 
Cord 
examined and blood grouping, Rh-typing, 


albumin repeated. bloods were 


hemoglobin determination, reticulocyte 
and nucleated red cell count, blood film 
studies and serum bilirubin determination 
were performed. Serological studies on the 
cord blood included agglutinin titrations 
in saline and albumin media, indirect anti- 
globulin tests of the infant’s serum against 
adult group A, or B cells, and direct 
antiglobulin tests. The direct tests were 
done using both commercial antiglobulin 
serum and various dilutions of native 
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antiglobulin serum as described in the 
section on Methods. Further hematological, 
biochemical and serological studies on the 
infants were undertaken as indicated by 
the initial serological findings and the 


clinical progress. 


Finally, the postnatal maternal serc- 
logical data and the findings in the infant s 
were compared to those in 37 cases cf 
proven hemolytic disease of the newbor. 
due to ABO iso-immunization. 
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PART I 


Patterns of Maternal ABO Antibodies in Unselected Pregnancies of 
Group O Women 


Results 
1. Homospecific Pregnancies 


100 homospecific (O-O) 
were studied, and these resulted in 101 
group O infants because of one twin birth. 
Maternal and infant cord serological 
studies of the anti-A antibodies were per- 
formed in 49 of these cases, and of the 
anti-B antibodies in an additional 20 cases. 

(1) Saline-Agglutinins. The results of 
prenatal and postnatal serological studies 


pregnancies 


in this group are set out in Tables 2 and 3. 
The range of anti-A saline-agglutinin 
titres was broad prenatally as well as in 
the early! and late postnatal periods. The 
median of the saline titres suggests a slight 
postnatal rise in some cases, and this is 

' In these articles the early postnatal period 
refers to the first week after delivery. The late 


postnatal period extends from start of second 
week to the end of the second morth. 


borne out by an analysis of the titre 
changes, relative to the original level, as 
illustrated in Tables 4 and 5. No marked 
change in antibody titres in saline is 
evident on multiple prenatal testing, but 
a definite upward trend of titres appeared 
to occur after delivery although the 
numbers are too small to attain significance 
on the X? test. Unfortunately only 3 out 
of the 10 women who had a rise of at least 
two tubes in their anti-A saline titre after 
delivery had more than one postnatal 
check of the titre; in all 3 of them the saline 
anti-A level rose to its highest level after 
the first week of the puerperium, as de- 
scribed by Boorman and her colleagues (6). 

The titres and fluctuations in primi- 
gravidae did not differ essentially from 
those of multigravidae. The levels are 
shown in Fig. 1, and their changes are 
indicated in Table 4. 


TsBLE 2. Prenatal and postnatal maternal anti-A agglutinin titres in saline at room 
temperature in homospecific (O-O) and heterospecific (O-A) pregnancies. 


Homospecific (O-O) 


Heterospecific (O—A) 


No. of No. of 
patients Range Median patients Range Median 

P enatal 

aline 49 20-10,240 320 39 40-10,240 320 
E. rly postnatal 

aline 41 40-81,920 640 31 40-81,920 640 
'e postnatal 

valine 20 160-20,480 640 16 640-20,480 1280 
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Prenatal and postnatal maternal anti-B agglutinin titres in saline at rooim 


temperature in homospecific (O-O) and heterospecific (O-B) pregnancies. 


Homospecifie (O-O) 


Heterospecific (O-8B) 


No. of No. of 
patients Range Median patients Range Median 
Prenatal 
Saline 20 20-5120 320 14 20-1280 160 
Early postnatal 
Saline 18 20-10,240 320 12 40-10,240 320 
Late postnatal 
Saline 10 20-2560 320 4 320-40,960 


The maternal anti-B titres in saline are 
shown in Table 3 and appeared somewhat 
lower than those of anti-A. The levels are 
shown in Fig. 2. The number of women 
anti-B titres 
repeatedly during homospecific pregnan- 


who had _ their checked 
cies is small, but as shown in Table 5 there 


is again a trend towards a rise. 


HOMOSPECIFIC (O- 


It will be seen from Table 4 that a 
total of 10 out of 49 mothers (20.0%) had 
a significant (two tube) rise of anti-A 
saline-agglutinin titres from the antenatal 
to the postnatal period, while only one 
had a significant fall. 

(2) Agglutinins in Albumin. Boorman, 
Dodd and Morgan (6) first demonstrated 


oO) HETEROSPECIFIC (O-A) 


Pre NatalEarly Late Pre Natall Early Late 
Post Natall Post Natal Post NatallPost Natal 
81920 __ 2 2 
= 40960 __ 
20480, 
= 10240 _ 2 2 2 2 2 e 
= 5120__ 2 
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Fig. 1. 


e MULTIGRAVIDA 


Saline anti-A agglutinin titres in homospecific pregnancy compared with those of heter .- 
specific (O-A) pregnancy during prenatal and postnatal periods. 
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PATTERNS OF MATERNAL ABO ANTIBCDIES 1 iy 


rooin 7 BLE 4. (a) Multiple prenatal testing and (b) comparison of highest prenatal and 
postnatal titres in homospecific (O-O) and heterospecific (O-A) pregnancies. 
Total number Titres 
of patients unchanged on Rise Fall 
edian tested repeat testing tube 2 tube tube 2 tube 
(a) Multiple prenatal anti-A titres 
160 Homospecifie (O-O) 
32) In saline at 
room temp. — 24 (10)* 13 (6) 5 (3) 1 (0) > (1) 0 (0) 
Heterospecific (O-A) 
In saline at 
room temp. — 16 (10) 5 (4) 5 (3) 4 (1) 2 (2) 0 (0) 
lat a (b) Comparison of highest prenatal and postnatal anti-A titres 
had Homospecific (O-O) 
ti-A In saline at 
; room temp. — 49 (22) 26 (9) 9 (5) 10 (6) sy «ea 
ratal Heterospecific (O—A) 
one In saline at 
room temp. — 34 (18) 10 (4) 5(2) 14 (10) 4 (1) (8) 
nan, 
* Figures in parentheses refer to primigravidae 
ated 
HOMOSPECIFIC (©-O) HETEROSPECIFIC (0-8) 
Pre NatallEarly Late Pre Natal] Early Late 
| Post Natal] Post Natal Post NatallPost Natal 
§1920__ 
40960 ° 
20480_ 
i= 10240 ° ° 
2560. = H 
640 ° H ° H ° 
aa) 320_ ° es ° e ° ° $ ° 
° © ry _2 2 2 
o PRIMIGRAVIDA e MULTIGRAVIDA 
el F +, 2. Saline anti-R agglutinin titres in homospecific pregnancy compared with those of hetero- 
specific (O-B) pregnancy during prenatal and postnatal periods. 
2 599056 Acta Pediatrica. Suppl.: 120 
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TABLE 5. (a) Multiple prenatal testing and (b) comparison of highest prenatal a.d 
postnatal titres in homospecific (O-O) and heterospecific (O-B) pregnancies. 


Total number Titres ; 
of patients unchanged on Rise Fall 
tested repeat testing ltube 2 tube ltube 2 tubs 
(a) Multiple prenatal anti-B titres 
Homospecific (O-O) 
In saline at 
room temp. 12 4 4 2 2 i) 
Heterospecific (O-B) 
In saline at 
room temp. 5 2 2 0 ] 0 


(b) Comparison of highest prenatal and postnatal anti-B titres 


Homospecific (O-O) 
In saline at 
room temp. 20 11 
Heterospecific (O-B) 
In saline at 
room temp. 13 


to 


the presence of immune ABO agglutinins 
in 1945 by the fact that the addition of 
human serum enhanced agglutination. As 
previously mentioned, we used albumin as 
diluent instead of serum to demonstrate 
such a qualitative difference in agglutina- 
tion. It is realized that the actual titres 
in albumin at 37°C are of little qualitative 
significance in regard to the presence of 
incomplete agglutinins, unless the titre 
exceeds that of saline-agglutinins by at 
least two dilutions, and even if it does so 
it may represent a shift in the thermal 
optimum for saline-agglutinins rather than 
the presence of incomplete antibodies 
requiring the presence of colloid media for 
their reaction. Nevertheless, it appeared 
to us that this test might act as a rough 
screening test in detecting incomplete 
agglutinins. 

Among 36 women tested in the prenatal 
period there were six in whom the excess 


of the anti-A titre in albumin at 37° over 


the saline anti-A titre at room temperature 
was at least two dilutions (Case Nos. 20, 
28, 29, 36, 38 and 40).! In three of these 
cases (Case Nos. 28, 36 and 38)! this dif- 
ference persisted into the postpartum 
period. This suggested the presence of an 
immune anti-A, and additional evidence 
for this was available in each case by tlic 
presence of incomplete agglutinins or 
sensitizing antibody after neutralization 
of the saline-agglutinin. Another woma: 
(Case No. 7)! developed a markedly i 
creased titre in albumin after the first pos 
partum week, together with other eviden: 
of immune anti-A as demonstrated aft 
neutralization of saline-agglutinin. In o: 
further woman (Case No. 35)! the album 
titre was not tested prenatally and a t\ 
tube difference was present six weeks aft 
delivery. Thus a total of five mothers o 
of 39 tested postnatally exhibited t! 
phenomenon. In all these five cases t! 


1 See Part II, Table 13. 
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TABLE 6. 


Comparison of prenatal and postnatal anti-A hemolysins in homospecific 


((-O) and heterospecific (O-A) pregnancies. A rise or fall here means a change in titre 
of one tube or more. 


Homospecific pregnancy (O-O) 


Prenatal 


Postnatal 


Tests for anti-A hemolysin negative in 12 (3)* 


Tests for anti-A hemolysin positive in 32 (15) 


of these remained negative 


(2) 
(1) became positive 


5 

7 

These all remained positive. The titre was sta- 
tionary in 20 (10), rose in 9 (3), fell in 3 (2). 


Heterospecific pregnancy (O—A) 


Prenatal 


Postnatal 


Tests for anti-A hemolysin negative in 5 (3) 


Tests for anti-A hemolysin positive in 16 (9) 


These ali became positive 


These all remained positive. The titre was sta- 
tionary in 8 (6), rose in 7 (2), fell in 1 (1) 


* Primigravidae in parentheses 


post-neutralization studies also revealed 
at least one type of immune antibody 
(Case Nos. 7, 28, 35, 36 and 38)!. 

The number of cases in whom anti-B 
titres in albumin was estimated is small. 
In the prenatal period the albumin titre 
was two tubes in excess of the saline 
titre in only one out of 20 tested (Case 
No. 3).2. This difference was nullified in 
the postnatal period by a rise in the saline 
anti-B. No other cases of albumin anti-B 
excess developed after birth in 20 cases 
studied. 

3) Hemolysins. Maternal anti-A hemo- 
lvs:ns were demonstrated in 32 and were 
ab-ent in 12 out of 44 women in the 
pr natal period, compared to 30 positive 
an. 6 negative out of 36 in the first 
Only 17 sera’ were 


po tnatal week. 


See Part II, Table 13. 

See Part II, Table 14. 

For purposes of this comparativ? analysis 
on tube changes in titre are accepted as rise or 


Ta} 


available for testing in the Jate postnatal 
period, and hemolysins were found to be 
present in 15 and absent in 2. The overall 
changes in 44 women whose blood was 
tested for the presence of anti-A hemo- 
lysins both before and some time during 
the first two months after delivery are 
shown in Table 6. There is a distinct trend 
for these anti-A hemolysins to appear if 
they are initially absent during pregnancy, 
and there is also a suggestion that their 
titre tends to increase after delivery if 
they are present at the outset.% 

The range of hemolysin titre was 2-16 
during each time period and was generally 
higher for anti-A than for anti-B. There is 
a suggestion in Table 7 that the anti-B 
hemolysin is not affected by pregnancy 
and delivery to the same extent as the 
anti-A variety. 

The findings in regard to hemolysins in 
primigravidae and multigravidae did not 
appear to show any difference; this has 
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TABLE 7. Comparison of prenatal and postnatal anti-B hemolysins in homospecific (O-( ) 


and heterospecific (O-B) pregnancies. 


A rise or fall here means a change in titre of 


one tube or more. 


Homospecific pregnancy (O-O) 


Prenatal 


Postnatal 


Tests for anti-B hemolysin negative in 5 


Tests for anti-B hemolysin positive in 19 


3 of these remained negative 
2 became positive 
2 became negative 
17 remained positive. The titre was stationary ir 
12, rose in I, fell in 4. 


Heterospecifie pregnancy (O-B) 


Prenatal 


Postnatal 


Tests for anti-B hemolysin negative in 4 


Tests for anti-B hemolysin positive in | 


3 of these remained negative* 
1 became positive. 


This remained positive. 


*It is of interest that anti-A hemolysin became demonstrable in 2 of these and was present 


throughout in the third. 


been previously emphasized by Jungwirth 
(40). 

(4) Indirect Antiglobulin Test and In- 
complete Agglutinin after Neutralization. 
Table 8 shows that in the prenatal period 
the sera of 15 women out of 48 were posi- 
tive both for the indirect antiglobulin test 
and the presence of incomplete agglutinin 
in albumin against adult A, cells after 
neutralization; in 5 cases the indirect 
antiglobulin test was positive, but in- 
complete agglutinin was not demonstrable; 
in 5 further cases the reverse was true; in 
23 patients both 
(though it is noteworthy that 6 sera con- 
tained saline-agglutinins which were hard 


tests were negative 


to neutralize, even with 9 parts of con- 
centrated group specific substance per 1 
part serum). In all but 4 cases there was 
no change in regard to these reactions 
during and after delivery. One woman 


had neither incomplete agglutinin nor 


sensitizing antibody after neutralization 
in the prenatal period and acquired both 
postnatally; another woman who had in- 
complete agglutinin with a negative indi- 
rect antiglobulin test after neutralization 
prenatally proved to have both tests 
positive postnatally; two other women, 
one of whom had a positive and the other 
a negative indirect antiglobulin test, a)- 
peared to lose the incomplete agglutinin 
postnatally which they had _ previous!y 
possessed, but in both cases increased 
amounts of group specific substance we'e 
required for neutralization. 

Thus, it might appear that the “in - 
mune’ anti-A, as demonstrated aft r 
neutralization, showed little change 1 
consequence of pregnancy. It is, howev: 
interesting to analyze the variations in te 
amount of group specific substance whi: h 
were required for complete neutralizati n 
of the saline-agglutinin in these cases f 
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T.sLE 8. Comparison of various possible combinations of two forms of immune anti-A 
aniibodies after complete neutralization during prenatal and postnatal period in homo- 
specific (O-O) and heterospecific (O-A) pregnancies. 


Indirect AHG test 
against A, cells 


Test for incomplete 
anti-A agglutinin 


Number of women in each group 


After complete neutralization of saline anti-A Prenatal Postnatal 
Homospecific pregnancy (0-0) 
Negative Negative 23 23 
Positive Negative 5 6 
Negative Positive 5 
Positive Positive 15 16 
Total 48 48 
Heterospecific pregnancy (O-A) 
Negative Negative 14 12 
Positive Negative 3 4 
Negative Positive 
Positive Positive 15 16 
Total 35 35 


homospecific pregnancy. These amounts 
vary from two parts of dilute to nine parts 
of concentrated group A substance per 
one part of serum. Comparing the amounts 
required postnatally to those required be- 
fore delivery we find that more group 
specific substance was required in 10 
cases, the same amount was required in 
33 cases, less was required in 5 cases.! This 
again suggests a slight tendency towards 
an increase in the amount of antibody 
postpartum, at least in regard to the 
sa!'ne-agglutinin. It seems likely that some 
antibodies also become 
addition of 


of the “immune” 
neitralized by the large 
an ounts of group specific substance when 
complete neutralization of saline-agglu- 
is attempted. 

‘able 9 shows the results of the above 
tw > tests against B cells after neutraliza- 
ti i, and it is noted that no change in 


mune” anti-B was detected in the 


One case not tested in prenatal period. 


prenatal or postnatal studies. Comparing 
the amounts of group specific substance 
we find that five required more, 11 
required the same amount and _ three 
required less in the postnatal period. 
When the presence of hemolysins is 
analyzed, with that of the 
sensitizing and incomplete agglutinating 
antibodies after neutralization (Table 10), 
it is evident that hemolysins were demon- 
strated more frequently in the sera of these 
women than in blood donors (see Table 1). 
On the other hand, sensitizing and in- 
complete agglutinating antibodies after 


together 


neutralization were demonstrated in fewer 
cases, but possibly because of the larger 
amounts of group specific substance used 
for neutralization. 

In summary, in homospecific pregnancy 
the level anti-B 
agglutinins showed a slight tendency to 
rise which was fairly definite after delivery. 
The titres of agglutinins in albumin at 


of saline anti-A and 
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TABLE 9. Comparison of various possible combinations of two forms of immune anti B 
antibodies after complete neutralization during prenatal and postnatal period in hono- 


ve G. C. ROBINSON AND H. G. 


DUNN 


specific (O-O) and heterospecific (O-B) pregnancies. 


Indirect AHG test 
against B cells 


Test for incomplete 
anti-B agglutinin 


Number of women in each group 


After complete neutralization of saline anti-B Prenatal Postnatal 
Homospecific pregnancy (O-O) 
Negative Negative 4 4 
Positive Negative + + 
Negative Positive 7 7 
Positive Positive 7 
Total 19 19 
Heterospecific pregnancy (O-B) 
Negative Negative 1 3 
Positive Negative 1 | 
Negative Positive 4 5 
Positive Positive 4 
Total 1é 


37° are more difficult to interpret; they 
were seldom distinctly higher than the 
saline titres at room temperature and thus 
did not indicate the presence of immune 
antibodies with certainty. A two tube 
albumin at 


excess of anti-A titre in 


37°C over that in saline at room tem- 


perature was only present in 6 of 36 
vases prenatally and in 5 of 39 postnatally. 
Tests for hemolysins were positive in a 
remarkably large proportion of these 
pregnant women; thus anti-A hemolysins 
were found in 32 out of 44 women pre- 


natally, and in 39 of the 44 postpartum. 


TABLE 10. The incidence of the various possible combinations of three forms of “immune” 
anti-A antibody in the same women in the pre- and postnatal periods in homospeci{ic 
(O-O) and heterospecific (O-A) pregnancies. 


Maternal “immune” antibodies 


After neutralization 


Homospecific pregnancy (O-O) 


Heterospecific pregnancy (O-.\) 


Anti-A Indirect Incomplete Number of women in each group Number of women in each grovp 
hemolysin AHGtest agglutinin Prenatal Postnatal Prenatal Postnatal 
7 4 4 0 
0 0 
l l 0 
15 19 6 10 
4 2 
4 3 
3 0 1 0 
8 12 7 9 


Total 


43 


47 
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TasLE 11. Marked postnatal rises in anti-A saline-agglutinins in 8 heterospecific (O—A ) 
prynancies with multiple testings. The horizontal lines in column 4 indicate the interval 


when delivery occurred. (P= primigravida, M = multigravida, NT 


not tested.) 


After neutralization 


Case Birth Test Saline agglu-.  Hemolysin Parts to* Indirect Incomplete 
No. Parity date dates tinin titre Anti-A Anti-B neutralize AHG test agglutinin 
P Oct. 23/54 Oct. 15/54 160 = NE 3 dil. Nil 
Oct. 27/54 320 + NT 3 dil. Nil 
Dee. 6/54 640 8 NT 3 dil. Nil 
) P Jan. 27/55 Nov. 19/54 320 NT 3 dil. Nil 
Dec. 21/54 320 4 NT 3 dil. Nil 
Jan. 31/55 640 4 NT 3 dil. : Nil 
Feb. 2/55 640 8 NT 3 dil. Nil 
Mar. 7/55 1280 4 NT 9 dil. Nil 
(i P Mar. 12/55 Jan. 24/55 40 — NT 2 dil. Nil 
Mar. 17/55 320 NT 2 dil. Nil 
Apr. 22/55 5120 NT NT 3 dil. 24 
11 P Dee. 10/54 Nov. 12/54 160 4 NT 3 dil. 32 
Dec. 16/54 160 4 NT 3 dil. + 8 
Jan. 21/54 1280 4 NT 4 dil. 40 
20 P Jan. 9/56 Oct. 3/55 80 8 4 4 dil. 20 
Jan. 11/56 = 160 4 4 4 dil. 40 
Feb. 27/56 2048 16 4 11 cone. Nil 
4 M Feb. 19/56 Feb. 11/56 = 160 8 4 3 dil. Nil 
Feb. 19/56 320 8 4 5 cone. Nil 
Mar. 9/56 20480 16 + 2 conc. 48 
47 P Jan. 15/56 Dee. 15/56 160 - -- 9 dil. 640 
Jan. 19/56 1280 16 8 3 cone. 32 
Feb. 27/56 4096 16 4 11 cone. Nil 
4) M Feb. 7/56 Dec. 23/55 = 160 4 4 2 dil. 192 
Jan. 20/56 160 4 8 4 dil. 160 
Feb. 9/56 160 4 4 4 dil. ! 80 
Feb. 23/56 1280 32 16 11 cone. 48 


Amounts of A or B substance required for complete neutralization of standard amount of 


serum. (dil. = group specific substance, conc. 


Not only the proportion of positives, but 
al o the titres tended to rise after delivery. 
The changes in anti-B hemolysins were 
le-s definite. The amounts of sensitizing 
a1 incomplete agglutinating antibodies 
in the serum after neutralization did not 
cl ange significantly in homospecific preg- 
n ney; the results, however, indicate a 


group specific polysaccharide.) 


slight tendency for increased amounts of 
group specific substance to be required for 
neutralization after delivery. 

There appeared to be no significant dif- 
ference between primigravidae and multi- 
gravidae in regard to the level or fluctua- 
tions of the various types of ABO anti- 
bodies in homospecific pregnancy. 
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TABLE 12. Marked postnatal rises in anti-B saline-agglutinins in 3 heterospecific (O-/ 


pregnancies with multiple testings. The 


horizontal lines in column 4 indicate i 


interval when delivery occurred. (P= primigravida, M = multigravida, NT = not testec 


After neutralizatio 


Case Birth Test Saline agglu- Hemolysin Parts to* Indirect Incomple: 
No. Parity date dates tinin titre Anti-A Anti-B neutralize AHG test agglutin:: 
29 P Apr. 9/55 Dec. 20/54 160 8 NT 4 dil. 40 

Feb. 14/55 160 4 NT NT NT NT 
Apr. 4/55 320 NT NT 18 cone. — 80 
Apr. 14/55 1280 NT NT NT NT NT 
May 30/55 1280 NT NT 32 cone. — 1024 
30 P July 23/55 May 20/55 160 NT NT 9 dil. 40 
July 27/55 10,240 NT NT 9 cone. 160 
Sep. 2/55 40,960 16 16 59 conc. — 60 
36 M Jan. 2/55 Nov. 5/54 20 4 — NT NT NT 
Jan. 7/55 320 16 8 2 cone. + 24 
Feb. 14/55 640 4 2 2 conc. 24 
July 29/55 160 - —~ 14 cone. — 32 
* Amounts of A or B substance required for complete neutralization of standard amount 


serum. (dil. =group specific substance, conc. 


Il. Heterospecific Pregnancies. 

54 heterospecific pregnancies were stud- 
40) 
and in 14 an O-B relationship between 


ied; in of these there was an O-A 
mother and infant. 41 group A and 14 
group B babies were born, as a twin birth 
occurred in one of the O-A pregnancies. 
Serological studies were performed in the 
same manner as in the homospecific group, 
and particular attention was paid to the 
maternal antibodies antagonistic to the 
infant's group. 

The 
before and after 


(1) Saline-Agglutinins. maternal 
anti-A titres in saline 
delivery are shown on the right half of 
Table 2. The ranges in both prenatal and 
postnatal periods are broad, and the 
medians show a definite shift to higher 
titres. A detailed analysis of titre change 
is shown graphically in Fig. 1. It is evident 


that the 


in 


rise is more marked than 


group specific polysaccharide.) 


homospecific pregnancies, and that max 
mum titres are generally reached after t] 


first postpartum week, as 


i 


ie 


previously 


demonstrated by Boorman and her col- 


leagues (6). 


Multiple prenatal testings were pe: 
formed in 16 women in O-A pregnancic: 
who had a total of 39 prenatal titre estim: 


tions. Table 4 indicates a definite upwai 


trend in these readings, even before deli 


very, both in primigravidae and in mult 
gravidae. In four cases there was a ri 
amounting to a two tube difference, a 
it is of interest that two of the four infan 
born of these pregnancies had a positi, 
direct antiglobulin test. One of these fo 
women was a primigravida, and she hi: 
one of the latter two infants. 

The highest maternal postnatal anti 
titre exceeded the maximal prenatal tit 
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by two tubes or more in 14 out of 34 cas: :, 
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ar | this included 10 out of 18 primigra- 
vi ae who were thus tested. In 8 of these 
mrked rises at least two postnatal estima- 
tions of maternal anti-A are available, and 
these are listed in Table 11. The titres in 
primigravidae did not differ essentially 
from those in multigravidae as shown by 
Fig. 1. 

The 
pregnancies in which estimations of anti-B 


number of O-B_heterospecific 


were undertaken is shown in the right 
half of Table 3 and is too small for de- 
The maternal anti-B 
titres were lower than those of anti-A, 


tailed evaluation. 


as was also noted in the homospecific 
series. However, in 13 patients the maxi- 
mal prenatal and postnatal anti-B titres 
are compared in Table 5, and it is inter- 
esting to find that no fewer than 6 of 
these showed a rise of at least two dilu- 
tions. Details of three of these cases, in 
whom multiple postnatal testings are avail- 
able, are given in Table 12, and it is 
evident that the anti-B 
resemble those of anti-A in O-A preg- 


changes in 


nancies. Again the titres in primigravidae 
did not differ essentially from those for 
multigravidae (Fig. 2). 

A significant (two tube) rise in saline 
anti-A or anti-B titre from the prenatal 
to the postnatal period thus occurred in 
a total of 20 out of 47 mothers (42.5%) as 
listed in Tables 4 and 5. Of these 14 out 
0’ 37 (38 %) were significant rises of anti-A 
O-A cases. 

(2) Agglutinins in Albumin. As_ pre- 
v ously mentioned the results of anti-A 
ad anti-B titrations in albumin at 37°C 
ae difficult to interpret. In general the 
rnge and median during the different 
t: ne periods resembled that in saline. 


1 See Part II, Table 15. 
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The titre in albumin exceeded that in 
saline by at least two dilutions in 5 of 37 
O-A (Case Nos. 25, 26, 27, 47 and 50)! 
and 3 of 14 O-B cases (Case Nos. 32, 39 
and 54)! tested for both prenatally, thus 
suggesting the presence of an “immune” 
agglutinin in 8 of 51 mothers. In at least 
one of these (Case No. 27)! this state was 
shown to develop during the prenatal 
period. In 7 of the 8 there was other evi- 
dence of immune anti-A after neutraliza- 
tion of saline agglutinin. Postnatally one 
of these 8 mothers was not tested again 
(Case No. 54).! The remaining 7 retained 
this significant excess of albumin over saline 
titre during the puerperium, and an addi- 
tional 3 cases (Nos. 6, 20 and 49)! acquired 
it in the first postnatal month, together 
with other evidence of immune anti-A 
after neutralization of saline-agglutinin. 
Hence 10 out of 48 women tested post- 
natally (8 of 36 O-A and 2 of 12 O-B 
cases) showed this phenomenon. Of the 
total of 11 women who exhibited the dif- 
ference at some phase before or after birth, 
2 had infants affected by hemolytic disease 
(Nos. 50 and 54).1 

(3) Hemolysins. In the O-A relationship 
between mother and infant anti-A hemo- 
lysins were demonstrated in the maternal 
serum in 16 out of 21 cases tested prena- 
tally (76%). This may be compared to 
similar findings in homospecifie preg- 
nancies when 32 out of 44 maternal sera 
(73%) showed anti-A hemolysins. In 3 of 
our heterospecific cases (Case Nos. 12, 27, 
48)! exhibited 
elevations of the agglutinin titre in saline 
or albumin, the level of hemolysin also 


who marked prenatal 


rose before delivery. However, the number 
of cases with multiple prenatal testing is 
too small to indicate the incidence of this 
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phenomenon. On the other hand, there 
appears to be a very definite change post- 
natally, as shown in Table 6. The five 
mothers out of 21 with no anti-A hemo- 
lysins during pregnancy all exhibited 
positive tests postpartum, and of the 16 
who had had hemolysins before delivery, 
7 subsequently showed a rise in titre. Thus 
the trend towards positivity of hemolysins 
and towards an increase of titre is more 
marked than in homospecifie pregnancy. 
This phenomenon appears to affect both 
primigravidae and multigravidae. 

The changes in anti-B hemolysins were 
studied in fewer cases and appeared less 
O-B_hetero- 


specific pregnancy only one out of five 


impressive (Table 7). In 


women exhibited anti-B hemolysins in 
her serum before delivery. Three out of the 
four who had negative tests prenatally 
remained negative subsequently, but it is 
of interest that anti-A hemolysin was pre- 
sent throughout in one of these and be- 
came demonstrable postpartum in the 
other two. 

Crawford and his colleagues (41) have 
suggested the use of fetal cells from cord 
blood rather than adult cells in testing for 
hemolysins. In our series of heterospecific 
pregnancies maternal hemolysins against 
fetal red 


women. 


cells were determined in 14 
In 3 of these hemolysis was 
demonstrated against adult but not 
against fetal cells, and in 6 the titre was 
lower against fetal than against adult A, 
cells, while the titres were equal in the 
remaining five. A high titre of hemolysins 
against fetal cells may certainly suggest 
the possibility of damage to the baby; in 
our small experience the maternal titre 
against fetal A cells in  heterospecific 


pregnancies was 8 or more in 4 cases, and 
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in 2 of these the infant had a positi e 
direct antiglobulin test (Case Nos. 48 a: d 
50).2 

(4) Indirect Antiglobulin Test and 1». 
complete Agglutinin after Neutralization. 
During pregnancy the sera of 15 out of 
35 group O women who subsequently had 
group A infants, gave a positive indire:t 
antiglobulin test against A, cells and al-o 
agglutinated the cells in an albumin 
medium after neutralization (Table &). 
In 3 women agglutination in albumin after 
neutralization also occurred, yet the in- 
direct antiglobulin test was negative, 
while in 3 the reverse was true. In 14, 
both tests were negative. These propor- 
tions are not markedly different from 
those previously described in homospecific 
pregnancy, although the proportion ex- 
hibiting both types of immune antibody 
was slightly higher in the heterospecific 
series. As shown in Table 8, there was little 
change in these figures after delivery. 
Actually, one woman (Case No. 6)! was 
found to have incomplete agglutinins after 
neutralization during the puerperium, 
while she had not had them previously, 
and two others (Case Nos. 18 and 21)! 
acquired both incomplete agglutinins and 
a positive indirect antiglobulin test after 
On the other hand one 
woman (Case No. 42)! no longer had a 


neutralization. 


demonstrable incomplete agglutinin aftcr 
neutralization postpartum, while this hal 
previously been present, and another 
(Case No. 47)! appeared to lose both tho 
incomplete agglutinin and the positive 
indirect antiglobulin test after neutraliz: - 
tion. However, in these two cases co) - 


siderably larger amounts of group specif ¢ 


1 See Part IIT, Table 15. 


su 


| 
= 
ti 
al 
m 
sl 
sa 
ni 
st 
ti 
fi 
il 
fc 
Ce 
g 
a 
(¢ 
(( 
n 
| i! 
a 
| 
fi 
Q) 
| 
! 


~ 
>. 


at of 


after 
tive, 
14, 
ypor- 
‘rom 
cific 
ex- 
cific 
ittle 
ery. 
fter 
um, 
sly, 
and 
fter 
one 
doa 
had 


her 
the 


PATTERNS OF MATERNAL ABO ANTIBODIES AE | 


1 stanee had to be added for neutraliza- 


tin than before. 

(hus, the possible increase in immune 
antibodies after delivery may well be 
masked by their absorption and dilution 
with the larger amounts of group specific 
substance required for neutralization of 
saline-agglutinins. In cases of O-A preg- 
naney the amount of group specific sub- 
stance required for complete neutraliza- 
tion after delivery was greater than in 
the prenatal period in 15 cases, equal in 
17 cases and less in only 2 cases. 

In O-B heterospecific pregnancy the 
The 


indirect antiglobulin test was negative 


findings were analogous (Table 9). 


postnatally in 3 cases in whom it was 
positive in the prenatal period, and in 
each instance a greatly increased amount 
of group specific substance was required 
for neutralization. Thus, the proportion of 
cases requiring an increased amount of 
group specific substance for neutralization 
after delivery is larger in the heterospecific 
(O-A and O-B) than in the homospecific 
(O-QO) group. 

A correlation of all three forms of im- 
mune anti-A, namely hemolysin, and both 
indirect antiglobulin test and incomplete 
avglutinin after neutralization, in women 
who have had all three forms examined 
both pre- and postnatally, is set out in 
Table 10. This shows that the commonest 
form of immune antibody in this series 
© women was the hemolysin, which was 
both 
h »mospecific and heterospecific pregnancy 


peesent in about # of women in 
prenatally and was found in 36 out of 


4} mothers with homospecific pregnancy 


and in all of 23 mothers in heterospecific 


p-egnancy after delivery. The indirect 
itiglobulin test and incomplete agglu- 


tinin after neutralization were positive in 
fewer cases; thus the indirect antiglobulin 
test 
against A, cells prenatally in 16 of 43 


after neutralization was _ positive 
women in homospecific and in 12 of 23 


women with heterospecific pregnancy 
(O-A); the incomplete agglutinins after 
neutralization were demonstrable again in 
16 out of 43 mothers prenatally in homo- 
specific pregnancy and in 10 of 23 in 
heterospecific pregnancy (O-A). As pre- 
viously mentioned there was little change 
in these figures after delivery, though 
often larger amounts of group specific 
substance had to be used for neutraliza- 
tion. All forms of immune anti-A were 
present simultaneously in 8 out of 43 
homospecific and 7 out of 23 heterospecific 
pregnancies prenatally; after delivery they 
were encountered together in 12 out of 
43 homospecific pregnancies and in 9 of 23 
heterospecific (O-A) pregnancies. Com- 
plete absence of immune anti-A in all 
three forms was found prenatally in about 
one-sixth of these women; after delivery 
this non-immunity was encountered in 5 
out of 43 homospecific and in none of 23 
heterospecific pregnancies. 

In summary, in heterospecific pregnancy 
the titre of saline-agglutinins at room 
temperature shows a distinct tendency to 
rise even during the prenatal period and 
this becomes quite marked after delivery 
in nearly half the cases. This appears to 
occur equally in primigravidae and multi- 
gravidae. We have fewer figures concern- 
ing the anti-B than the anti-A agglutinins, 
but the trend appears to be similar. The 
titres of agglutination in albumin at 37° 
are more difficult to interpret but again 
show the same trend. Occasionally the 


titre in albumin rose to markedly higher 


sitive 
In- 
t. 
h: d 
irect 
al 
Imin 
ive 


levels than that in saline, particularly 
during the postnatal period, thus suggest- 
ing an immune response. As suggested by 
Boorman et al. (6) the titres in saline 
appeared to reach their highest levei after 
the first postnatal week and the same is 
probably true of the titres in albumin at 
37°. An immune response may also be 
indicated by the increase in anti-A hemo- 
lysins which appear to rise from an inci- 
of maternal sera 


dence of about 


prenatally to 100 % postnatally and, when 


19% 


present, tend to show an increase of titre. 
We have fewer data concerning anti-B 
hemolysins, but these do not show such 
The 


residual agglutination in albumin after 


impressive changes. incidence of 
neutralization of saline-agglutinin as well 
as the finding of a positive indirect anti- 
globulin test after neutralization, does not 
appear to increase markedly as the result 
of heterospecific pregnancy, but such an 
increase might well be masked when 
complete neutralization is attempted as in 
our series. Such complete neutralization 
often proves difficult, and it was interesting 
that increased amounts of group specific 
substance were frequently required for 


neutralization after delivery. 


Discussion 

Dienst (42) first showed that the titre 
of anti-A and anti-B agglutinins of a 
pregnant woman may rise if the infant 
possesses the corresponding agglutinogen. 
This has been confirmed by many authors 
(43), (6), (44), (45) since that time. Smith 
(43) found a rise in 40 out of 46 hetero- 
specific pregnancies and also made the 
important observation that mothers were 
only immunized by infants who secreted 
A or B blood group substance in their 
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tissue fluids; such secretion is known 0 
occur in about &0% of Europeans. Tie 
relationship of the secretor-status of te 
infant to the rise in maternal isoagglutin n 
has been confirmed by other workers (45) 
(47). We did not determine the presen e 
of secretion in the infants of our serivs. 
Boorman and her colleagues (6) detected 
a rise in relevant maternal saline-agglu- 
tinin titre in 36 out of 44 cases of hetero- 
specific pregnancy; they noted that tiie 
titre increased from 4 to over 64 times 
and that the peak was usually reached 
between the tenth and twentieth days of 
the puerperium. In our series a significant 
rise in saline anti-A or anti-B agglutinin 
titre at some stage of heterospecific 
pregnancy was demonstrated in slightly 
less than one-half of all cases (20 of 47 
women), and it was also found that the 
maximum was reached more than one 
week after delivery. When the titre changes 
were analyzed further it was shown that 
the bulk of the rise tended to occur in the 
puerperium, but a slight upward trend 
was often noted on repeated prenatal 
testing. We found a rise by at least two 
dilutions in 4 out of 21 heterospecific 
pregnancies in which multiple prenati! 


titrations were performed. A few simil: 
cases are quoted by Smith (43), whi! 


other workers have found no significa 
increases up to the time of delivery (47°. 


This point is of interest in relation to tl 


question of the antigenic stimulus whi 


causes the rise in maternal isoagglutin 
titre; if this rise is indeed related to t! 


secretor status of the infant, one may 


presume that it is due to specific solub 


substance secreted by the baby and passi! 


~ 


through the placenta. A marked rise 
maternal titre occurring during the puc 
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pe. .um would suggest that this substance 
reeches the mother chiefly during labour; 
th earlier rise in some cases, however, 
incicates that the stimulus may occa- 
sionally occur before delivery. 

n homospecific pregnancy, most au- 
thors have found no rise in maternal saline- 
agvlutinin titre. Thus Smith (43) found 
that it occurred only once in 154 homo- 
specific pregnancies, and Zuelzer and 
Kaplan (47) encountered a slight rise of 
both anti-A and anti-B after delivery in 
only 2 of 92 homospecific pregnancies. 
Yet inspection of Charts | and 2 in the 
paper of the latter authors shows a 
general slight trend for the titres of anti-A 
and anti-B in saline to rise after birth 
even in homospecific cases. Our material 
also suggests this, both from the median 
saline titres before and after delivery and 
also from a detailed analysis of the titre 
changes, although the rise is not statis- 
tically significant. The explanation of this 
slight rise after delivery in homospecific 
pregnancy is not clear, but it presumably 
represents an anamnestic phenomenon 
caused by stimulation of maternal anti- 
body production by other fetal antigens. 
The trend is distinctly less marked than 
in heterospecific pregnancy, yet it is just 
demonstrable. 

rhe titres in saline and their changes 
during pregnancy did not differ signi- 
ficantly in primigravidae and multi- 
grividae, either in homospecific or in 
he‘erospecifie pregnancy. This is in agree- 
mnt with the findings of Zuelzer and 
K. plan (47), while Polayes and McNally 
(4) found a slightly higher level of saline- 
ag lutinins in multiparous as compared 
to nulliparous women. On long range 
tpartum follow-up Zuelzer and Kaplan 


(47) found in a few cases that the response 
of agglutinin titre was subsiding, but had 
not yet completely disappeared as late as 
seven months after delivery. Wiener and 
his colleagues have reported that a high 
titre may occasionally drop slowly over 
the course of years (19). 

The agglutinin titre in albumin at 37° is 
difficult to evaluate and shows somewhat 
similar trends as the titre in saline at 
room temperature. However, if it exceeds 
that latter titre by two or more dilutions 
the presence of an immune response may 
be presumed. Yet such an “immune” anti- 
body may have been present before the 
onset of pregnancy and may not harm the 
infant. In regard to anti-A, this pheno- 
menon of a relatively high titre of aggluti- 
nation in albumin was present prenatally 
in 6 of 36 homospecific pregnancies, and 
persisted into the postpartum period in 
three of them. 

Jouvenceaux (48) described a homo- 
specific pregnancy in which an immune 
anti-A, demonstrated by high thermal 
optimum, even increased in titre during 
pregnancy. While such evidence of im- 
mune ABO antibodies may be encountered 
in homospecific pregnancies and may not 
harm the infant even in heterospecific 
cases, due note should be taken of it. In 
our 54 heterospecific pregnancies, an ex- 
cess of the titre in albumin at 37° over 
that in saline at room temperature by two 
or more dilutions at some stage before or 
after birth was found eleven times 
(8 O-A, 3 O-B) and in two of these the 
infant subsequently proved to have hemo- 
lytic disease. 

As regards hemolysins, Jonsson (10) 
first showed on a large scale that these 
antibodies tended to appear in maternal 
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sera as a result of heterospecific pregnancy. 
Recently anti-A and anti-B hemolysins 
were investigated carefully by Jungwirth 
(40) in 500 specimens of pregnant O 
women and 50 specimens of group B 
women, as well as in 500 group O men. 
He concluded that about 75% of group O 
pregnant women or male hospital patients 
had anti-A or anti-B hemolysins in their 
sera, as compared to 50 % of group O male 
donors. These figures correspond closely 
to those which we obtained in pregnant 
women and blood donors, respectively. It 
is also of interest that this author found 
no relation between hemolysin manifesta- 
tion and the number of previous normal 
pregnancies. However, our findings are at 
variance with his in regard to the effects 
of pregnancy on hemolysin activity; he 
little titre 


pregnancy and sometimes diminution of 


found very change during 
hemolysins towards the end of pregnancy, 
while we found a slight increase of anti-A 
hemolysin activity in some cases of homo- 
specific pregnancy and a marked increase 
in heterospecifie pregnancy, so that all of 
23 maternal sera in the latter group were 
eventually positive for anti-A hemolysin 
in the postpartum period. Crawford and 
his colleagues (9) (41) have stressed the 
usefulness and ease of hemolysin deter- 
mination, but in heterospecific pregnancy 
their presence must be regarded as an 
expected finding. The use of fetal cells 
obtained from cord blood was therefore 
suggested (41) in order to show whether 
the hemolysins in a particular case would 
be liable to damage the infant’s red cells. 
The test has been used in this manner (47) 
(49) and fewer positives are evidently 
obtained with this technique. These results 


were confirmed in our study. 


Incomplete agglutinins and sensitizi ig 
antibodies were demonstrated by residt al 
agglutination in albumin and by persiste it 
positive indirect antiglobulin test again st 
A, or B cells after neutralization of salir e- 
agglutinins, in many women in our serivs. 
Both forms of immune anti-A were pie- 
sent together in about one-third of homo. 
specific pregnancies and singly one of 
them was positive in another one-fifth, 
leaving less than half of the women nega- 
tive for both. The proportions of positives 
were slightly, but not significantly, higher 
in heterospecific pregnancies. It is well 
known that such immune antibodies may 
be present in maternal sera to a con- 
siderable titre without harming the infant 
(32); and they may also be found in homo- 
specific pregnancy (8). Yet such antibodies 
merit attention as they are potentially 
liable to harm an incompatible infant and 
have been shown to traverse the placenta 
more easily than saline-agglutinins. Zuelzer 
and Kaplan (47) state that they never 
observed anti-A or anti-B immune anti- 
body to develop de novo in the course of 
heterospecific pregnancy, but in our serics 
this occurred three times (Case Nos. 6, !8 
and 21)! in 54 heterospecific pregnancics. 


Summary 


After preliminary serological investig \- 
tion of 109 male and 63 female rando n 
group O blood donors a systematic pro- 
spective study of serological findings n 
154 group O women attending a Prenat .l 
Clinie was established. They were su )- 
sequently found to be divisible into 100 
homospecific and 54 heterospecific pre 


nancies. The levels and changes of d f- 


1 See Part II, Table 15. 
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ferc at forms of anti-A in 49 and of anti-B 
in 20 


conipared to those of the incompatible 


homospecific pregnancies were 
ma ernal antibodies in the heterospecific 
prezmancies. 

‘the titres of anti-A and anti-B aggluti- 
nins in saline at room temperature were 
found to cover a wide range and to be ap- 
proximately equal initially in homospecific 
and heterospecific pregnancies and in 
primigravidae and multigravidae. 

In homospecific pregnancy the titres in 
saline showed a slight rise, presumably 
of an anamnestic nature, after delivery 
in a small proportion of mothers (10 out 
of 49, or 20.0% in the case of anti-A). In 
heterospecific pregnancies this postpartum 
rise of titre was considerably more marked 
and frequent, occurring to a significant 
degree in 14 out of 34 of O-A cases; 
(41.1%) in some of these a slight rise 
was beginning to occur during pregnancy. 

Titres of anti-A and anti-B agglutinins 
in albumin at 37°C followed a somewhat 
similar pattern. Prenatally for anti-A, this 
titre exceeded that of saline agglutina- 
tion by two or more dilutions in 6 of 36 
homospecific and 5 of 37 heterospecific 
O-\ pregnancies, thus suggesting the pre- 
sence of an incomplete agglutinin. Postna- 
tally for anti-A, such a difference in titres 
was found in 5 of 39 homospecific and in 
So! 36 heterospecific O-A pregnancies. 

nti-A hemolysins were found in about 
three-quarters of homospecific and O-A 
het -rospecifie pregnancies. After delivery 
the r incidence rose to 37 out of 43 (81°) 
ho iospecific and to all of 23 (100%) 
het -rospecifie pregnancies; the changes in 
ant -B hemolysins were less marked. When 
tes s for maternal hemolysins were per- 
for ned against fetal instead of adult A, 


cells as recommended by Crawford and 
colleagues (41), hemolysis was usually less 
marked and high titres (8 or more) were 
more significant in terms of possible risk to 
the infant. 

Residual agglutination in albumin and 
a positive indirect antiglobulin test against 
A cells were demonstrated in the maternal 
sera in about one-third of homospecific 
pregnancies and in a slightly, but not 
significantly, larger proportion of hetero- 
specific cases. These antibodies were also 
found singly in another one-fifth of the 
mothers, so that less than one-half of the 
women had neither form of immune anti- 
A. In 3 of 54 heterospecifie pregnancies 
such immune anti-A arose de novo after 
delivery. The titres and incidence of these 
immune antibodies did not change mark- 
edly postpartum but there was a trend 
for increased amounts of group specific 
substance to be required for neutralization, 
particularly in heterospecific pregnancy. 

During pregnancy about one-fifth of the 
women in the homospecific and one-third 
in the heterospecific group had all three 
anti-A 
positive indirect antiglobulin test after 


forms of immune (hemolysin, 
neutralization and residual agglutination 
in albumin) and only about one-sixth of 
each group were negative for all these 
tests while the rest appeared “partially 
immune ’, commonly owing to the presence 
of hemolysins. After delivery there was a 
slight change towards a higher incidence 
antibodies in 


of immune homospecific 


pregnancy and a more definite one in 
heterospecific cases where 9 of 23 mothers 
eventually had all three forms of immune 
anti-A and all had the anti-A hemolysin. 


The findings are discussed in relation to 


those of other workers. 
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PART II 


The Transfer of Maternal Anti-A and A:ti-B 


Antibodies to the Infant 


in the first section of this paper the 
maternal anti-A and anti-B 
antibodies and_ their 
pregnancy and in the postnatal period 


levels of 
changes during 
were described in a series of group O 
women in homospecific and heterospecific 
pregnancy. In this section the serological 
findings in the cord blood of the infants 
will be reviewed and compared with those 
of the mother. 

The placental permeability for maternal 
anti-A and anti-B saline-agglutinins in dif- 
ferent types of blood group relationship 
mother and infant were first 
examined thoroughly by Hirszfeld and 
Zborowski in 1925 (16). They reached the 
following important conclusions: 

1. Cord blood contains no agglutinins 
formed by the infant, and any ABO 
agvlutinins present in it are derived from 


bet ween 


the mother. 

2. When iso-agglutinins are present in 
the serum of the newborn their level is 
lower than in the mother (maximally } of 
the maternal level). 

». Iso-agglutinins pass into the fetus in 
diferent amounts according to the blood 
group relationship; thus they were de- 
mconstrable in over 90% of the infants in 
ho rospecific O-O pregnancy, but in only 
22, of homospecific B-B and in only 
1.5% of A-A cases. In_heterospecific 
mancy the passage of incompatible 


de- 
monstrated at all. For instance, in the 
O-A relationship the authors found signi- 


saline-agglutinins could rarely be 


ficant amounts of anti-A in the cord blood 
in only one out of 26 cases, and in the 
O-B relationship anti-B was not detected 
in any of 11 cord blood specimens. 

These results have been generally con- 
firmed by other workers. It has also been 
observed that the ratio between maternal 
and fetal agglutinin levels shows con- 
siderable variation fr »m case to case, even 
with the same blood group relationships. 
In homospecific pregnancies there has 
been no evidence to support the pos- 
sibility that a high titre of maternal iso- 
antibodies would lead to an easier over- 
flow of agglutinin into the cord blood (46). 
When incomplete ABO agglutinins be- 
came recognized their passage through the 
placenta was also studied, and Wiener (17) 
showed that these antibodies (which he 
called univalent and designated as ‘‘gluti- 
nins’’) traversed the placenta more readily 
than saline-agglutinins (which he called 
He concluded that the in- 
complete agglutinins were probably com- 


bivalent). 


prised of smaller molecules than the saline- 
agglutinins. There is some disagreement 
in the literature concerning the proportion 
of cases of homospecific pregnancy in 
which the saline-agglutinin reaches the 
cord blood, but with modern techniques 


they can be demonstrated in the great 
majority of cases (1) (50). Nonetheless, it 
is generally agreed that incomplete ag- 
glutinins penetrate in relatively larger 
amounts as Wiener has suggested (17) (7). 
This need not simply be due to the 
filtering action of the placenta on the 
larger molecules of the saline-agglutinin, 
but rather the placental or fetal tissues 
may neutralize the maternal agglutinins 
by group specific substances which are 
known to be more effective against the 
saline than the incomplete type of agglu- 
tinin. This concept is supported by the 
finding that in O-A or O-B heterospecific 
pregnancy the agglutinin antagonistic to 
the fetal blood group is nearly always 
absent from the cord serum, whereas the 
heterologous antibody may be found in 
the cord sera with nearly the same fre- 
quency as in homospecifie pregnancy (50). 
No evidence has been found that the 
secretor property in the infant reduces 
the amount of incompatible maternal 
antibody reaching the baby, and it is 
postulated that the placental and fetal 
tissue antigens are chiefly effective in 
neutralizing incompatible agglutinins (50). 

Incidentally, in homospecific O-O preg- 
nancy saline anti-B agglutinin usually has 
a lower titre than anti-A in the fetal circu- 
lation; this may be due partly to dimi- 
nished placental permeability but it also 
may be due to the fact that in the maternal 
serum the average titre of saline anti-B 
agglutinin is lower than that of anti-A 
(51) (50). Similarly, the incidence of anti- 
A hemolysins in O persons is higher than 
that of anti-B hemolysins (14). 

In regard to hemolysins it is not yet 
certain how often these penetrate the 
placenta. Seelen (51) demonstrated them 
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in the cord serum in only 15 out « 60 
homospecific pregnancies in which ‘hey 
were found in the maternal scum. 
Jungwirth (40) demonstrated plac: natal 
transfer of hemolysins in 10 out ©: 17 
homospecific pregnancies, but did not 
detect even a compatible maternal h:mo- 
lysin in the cord blood in 9 heterospccific 
pregnancies. Both authors considered ‘hat 
the hemolysins passed the placenta ore 
easily in homospecific pregnancy when the 
maternal serum contained other immune 
antibodies. 

The placental passage of sensitizing «nti- 
bodies does not appear to have been in- 
vestigated fully as yet (40); it is not known 
for certain what proportion of cord bloods 
give a positive indirect antiglobulin test 
against A or B cells in homospecific and 
heterospecifie pregnancy. In 1956, Gunson 
and Goodfellow (52) stated that they had 
found the test consistently negative in 25 
normal group A or B infants born to 
group O mothers. Subsequently Gunson 
(53) extended these findings. In 115 
normal unaffected group A or B infants 
with group O mothers, he found that the 
indirect antiglobulin test performed on 
cord blood was consistently nega‘ ve. 
However, in a clinically affected group 
who developed jaundice in the first 24 
hours of life, the indirect antiglobulin «est 
was positive in 39 out of 42 (93 %) infos ts. 
The direct antiglobulin test is, of cov'se, 
negative in the cord blood of homospc _ fic 
infants in the absence of other |) \0d 
group incompatibility; in heterosp« ‘fic 
pregnancies it has occasionally been {nd 
to be positive when large series were te. d. 
Thus, among 209 Rh-compatible | °¢- 
nancies with ABO incompatibility Jal 
wicz and colleagues (54) found thre: 


stal 
test 
usil 
wee 
the 
con 
of 
gTO 
fect 
Was 
(39 
test 


titr: 
and 
mai 
aga 
of 1 
con 
tini 
nal 

blo 


affe 
fic 

logi 
to 
69 
14 
stuc 
(50) 
logi 
in t 
age 
est 
tesi 
ind 
spe 


60 
hey 
um, 
ital 

7 
not 
mo- 
cific 
that 
nore 
i the 


inti- 
wie 
own 
test 
ind 
ison 
had 
» 25 
to 
ison 
115 
ints 
the 
on 
ve. 


up 


TRANSFER OF MATERNAL ANTI-A AND ANTI-B ANTIBODIES TO THE INFANT 37 


stances of a positive direct antiglobulin 
test in the cord blood. Rosenfield (49), 
usin a very sensitive technique, found a 
weakly positive direct antiglobulin test in 
the cord blood of over 17% of group-in- 
compatible infants; 38 of the 39 mothers 
of such incompatible infants belonged to 
group O. In Gunson’s (53) clinically af- 
fected group the direct antiglobulin test 
was weakly positive in 16 out of 42 infants 
(39°,) during the first 24 hours, while the 
test was uniformly negative in 115 un- 
affected babies derived from heterospeci- 


fie pregnancy. 


Present Study 


In the present work the prenatal sero- 
logical findings in the mother are related 
to the cord findings in the offspring of 
69 O-O homospecific, and 40 O-A and 
14 heterospecific pregnancies. The 
study resembles that of Zuelzer and Kaplan 
(50) although somewhat different sero- 
logical methods were used. Investigations 
in the mother included anti-A and anti-B 
titrations in saline at room temperature 
and in albumin at 37°C, and the perfor- 
mance of an indirect antiglobulin test 
against A, or B cells and the estimation 
of residual agglutination in albumin after 
conivlete neutralization of saline-agglu- 
tinin with group specific substance. Mater- 
nal snti-A and anti-B hemolysins were 
also investigated. In the infant’s cord 
blo. the amounts of anti-A or anti-B 
age’ tinin in saline and albumin were 
esti: ated similarly; the direct antiglobulin 
test vas performed in all infants while the 
ind) «ct test was only applied in hetero- 


spec tle cases. 


Results 


I. Homospecific Pregnancies. There were 
69 O-O pregnancies in this group, with 
70 infants, owing to one twin birth. Anti-A 
studies were performed in 49 and anti-B 
in the remaining 20. The serological find- 
ings in mother and cord are shown in 
Tables 13 and 14. 

(1) Agglutinins in Saline and Albumin. 
The presence of saline anti-A agglutinin 
was determined in 45 infants, with 41 
(91%) positive results. Agglutinin acting 
in albumin at 37° was demonstrated in 34 
out of 39 (87%) cord specimens. In the 5 
‘vases in whom the presence of saline- 
agglutinin in cord blood was not deter- 
mined, the tests for agglutinins in albumin 
were also omitted. In the 4 in whom no 
saline-agglutinin was demonstrable, ag- 
glutinin in albumin was also absent in 2 
and was not tested in the other two. 

Saline/albumin (S/A) ratios in maternal 
and cord blood indicating the relative 
strength of these two titres in each case 
are also tabulated in Table 13. It is clear 
that the median of this ratio is higher in the 
maternal than in the cord blood. In other 
words, although both forms of agglutinin 
pass the placenta in homospecific preg- 
nancy, in the great majority of all cases 
the titre of the 
diminished more during the passage than 
that of agglutinin in albumin. In the 
maternal blood the S/A ratio varies from 
32/1 to 1/16 with a median value of 1:1, 
whereas in the cord blood it varies from 
8/1 to 1/64 with a median value of i:4: 

In the mother, only 6 out of 36 sera 
of titre in 


saline-agglutinin is 


showed a two tube excess 


albumin over that in saline (Table 13, 
Case Nos. 20, 28, 29, 36, 38 and 40), 
infants such an excess 


whereas in the 
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TaBLE 13. Prenatal maternal and infant cord serological findings in 49 homospec | 
(O-O) pregnancies with regard to anti-A antibodies. (D— denotes absence of D fa: 
denotes presence of D factor.) 
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NT — not tested, D- 


Prenatal maternal serology 


Infant cord serology 


Agglutinin Agglutinin 
titre titre 

0-O 

1 2560 320s 8:1 2 64 
4 1280 NT - 4 NT 
3 640 320 2:1 12 32 
4 640 80 8:1 4 = 80 
5 320 160 2:1 2 D- 20 
6 160 80 2:1 3 D+ 4 
f 160 160s 1:1 9 D+ 128 
8 80 160 1:2 9 D+ Nil 
9 80 80 1:1 — 3 D+ Nil 
10 2560 1280 2:1 8 9 D+ 32 
1] 1280 640 2:1 4 9 D+ 8 
12 640 NT — — 3 D+ Nil 
13 640 NT D+ 10 
14 320 640 1:2 NT 4 D+ 16 
15 160 320) «=1:2 4 9 D+ 64 
16 320 NT 4 9 D+ 80 
17 640 640 4 3 D+ 256 
18 640 NT 4 9 NT 
19 320 NT —- 2 2 Nil 
20 320 1280 1:4 8 6 32 
21 640 NT — 4 9 D- 64 
22 160 NT — 2 3 D+ 64 
23 1280 640 2:1 8 9 D+ 4 
24 320 326 1:1 4 9 D+ 32 
25 40 40 1:1 — 2 D- 4 
26 5120 NT 2 9 D+ 5 ye 
27 1280 6402: 8 3 D+ 16 
28 1280 20,480 1:16 4 27 D+ 32 
29 320 1280 1: 8 15 128 
30 2560 2560 16 12 64 
31 320 NT 4 9 NT 
32 160 NT — 2 2 NT 
320 320) 8 15 32 
34 320 NT _— 8 3 160 
35A 640 NT — 4 4 40 
B NT 
36 10 80 640 =1:8 NT 4 8 
a1 2 640 640 1:1 8 9 32 
38 320 1280 = 1:4 8 9 16 
po 62 320 640 1:2 NT 9 4 
40 5 20 80 1:4 4 4 2 
41 2 10,240 320 32:1 S Zi 2 
42 6 5120 160 32:1 4 9 64 


* Amount of A substance required for complete neutralization of standard amount of serum. 
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Tabl« 13 (cont.). 
Prenatal maternal serology Infant cord serology 
Agglutinin After Agglutinin Direct 
titre neutralization titre AHG test 
43 1 D+ 2560 1280 2:1 8 9 32 + D+ 64 512 1:8 - 
44. 2 ede/ede 160 320 1:2 4 3 128 - D+ 16 128 1:8 
45 ede/ede 5120 640 8:1 4 9 320 ede/ede 32 128 1:4 
46 | D+ 320 640 1:2 8 21 16 + D+ 8 128 1:16 - 
47 2 cde/ede 80 80 4 NE NE ede/ede 64 128 1:2 = 
48 2 D+ 640 160 4:1 4 9 - —- D+ 64 256 1:4 - - 
49 2  ede/ede 320 640 1:2 4 9 80 + ede/ede 64 2048 = 1:32 = = 


was found 20 times among 34 specimens 
in which both forms of antibody were 
found. To put this in different words, the 
maternal/fetal ratio of the titres in these 
two forms of antibody was generally 
greater for saline-agglutinins than for 
agglutinins in albumin. All this is in accord 
with the findings of previous workers. 
There is no clear quantitative relation- 
ship between the relative titres of agglu- 
tinin in saline and albumin as compared 
between mother and infant. However, it 
may be noted that the maternal titre in 
saline always exceeds that of the baby. 
On the other hand, in 3 out of 34 cases 


the cord titre of agglutinin in albumin 
excceds that of the mother (Table 13, 
Cas’ Nos. 47, 48, 49). These titres must 
not be considered as highly accurate be- 
cau-e pseudo-agglutination may occur 
whi 1 serum from cord blood is diluted in 
boy ne albumin, but when agglutination 


of :roup A or B cells was stronger than 
tha’ of control group O cells the result 
way taken as being genuinely due to 


specific agglutination. It may appear para- 
doxical that the cord titre should ever 
exceed the maternal one, and this may 
indeed be due to limited accuracy of the 
method, but Jungwirth (40) encountered 
the same phenomenon in regard to sensitiz- 
ing antibody and pointed out that bac- 
terial antibodies are also known to reach 
higher titres in the cord than in the 
maternal blood. 

The corresponding results of studies of 
anti-B titres in 20 homospecific preg- 
nancies are shown in Table 14. They show 
a similar trend, although the maternal 
titres are lower, and the cord levels of 
agglutinin in albumin never exceeded those 
of the maternal serum. 

There appear to be no significant dif- 
ferences in regard to the levels and 
changes of these anti-A and anti-B agglu- 
tinins as between the primigravidae and 
multigravidae. 

(2) Direct Antiglobulin Test. The direct 
antiglobulin test was negative in the cord 
blood of all 70 infants, using both com- 


| 

ec fie 


IN 

LN 
LN 
IN 
LN 
LN 
LN 
LN 
LN 


OF O8 
O9T OF9 
O8 OS Hig 
0G | 
OCE O9T 
OGE +d 
O8 dq 
O8 O8 
O9T + 
Os O9l 
O9T +d 
O8 O9T | 
OF9 qd 
OF9 + 
OF OF am @ | 
OF9 a 
O8EI ad 
OSGI 
qd 


| 


NN 


- DUNN 


a 
+ 


ra 


ce jiu 
ce 9T jiu 
#9 


Hr 


a 


= 
3 
< 
A 
N 
= 
o 


x 


OHV POG 


d fo + you - LN) 


40 

mel 
nat! 

I 
gic 
prei 

are 

pre 

owl 

(J 
In t 
tind 

= mo! 
onl) 
41 
in | 
3 in 
glol 
of s 
Wic 

titre 

to 
seru 
O 

mat 

blo. 

tho: 

is of 

dirs 

The 

} tha 

| ter 

| ofte 

Ag; 

| thi 

| | 

| 
| ind 


TRANSFER OF MATERNAL ANTI-A AND 


mer. al serum and various dilutions of 
nati e antiglobulin serum. 

I! Heterospecific Pregnancies. Serolo- 
gica. comparisons were made between 
prenatal and cord samples and the results 
are shown in Table 15. There were 54 
presnancies (40 O-A and 14 O-B), and 
owing to one twin delivery, 55 infants 
resulted. 

(1) Agglutinins in Saline and Albumin. 
In this group, saline anti-A agglutinins in 
group A babies and saline anti-B agglu- 
tinins in group B babies were rarely de- 
monstrable. The anti-A agglutinins were 
only encountered in low titre in 2 out of 
41 group A infants and anti-B agglutinins 
in | out of 14 group B babies. One of these 
3 infants exhibited a positive direct anti- 
globulin test in the cord blood. The titres 
of saline-agglutinins are only 2 to 4, and 
Wiener has pointed out that such low 
titre agglutinations in saline may be due 
to incomplete agglutinins, as the infant’s 
serum is relatively undiluted and provides 
a colloid medium (7) (27). 
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adult B cells in the case of group B infants, 
was performed using cord serum. In 3 
cases the presence of saline-agglutinin 
interfered with the performance of the 
tests. It was therefore omitted in two of 
these, while the third the 
agglutinin was neutralized and the test 


in saline- 
then proved positive. Among the remaining 
the 
globulin test was positive in 24 and nega- 
tive in 28 cases. Thus the test is known to. 


52 cord specimens indirect anti- 


have been positive in 25 out of 53 infants. 

The results of the indirect antiglobulin 
test in the mother (after neutralization) 
and the infant are compared in Fig. 3. The 
test was positive in 28 mothers prenatally; 
and the sensitizing antibody was demon- 
strated in 15 of their offspring and was 
not tested in two. The test was negative 


in 
was demonstrated in 9 of their offspring. 


mothers, but sensitizing antibody 


The negative findings in these 9 mothers 
must presumably be due to inadequacy of 
neutralization 


the technique involving 


(‘serological failures’’). One further mother 


On the other hand, the incompatible ANTIGLOBULIN TEST 
maternal agglutinin was demonstrable Mot hark, Mat Cora 
in albumin at 37° in 28 out of 46 cord f ~ 
bloods tested. Its titre was generally low, 
though in one specimen it reached 64. (It 
is of interest that this infant had a positive 17 
direct antiglobulin test in the cord blood.) - 
The level of antibody was always lower 25 vé 
tha in the maternal serum, and the ma- 
ter:.al/fetal ratio of this titre was quite 
often high, ranging from 320/32 to 5120/1. 
Ag: in rouleaux were frequently noted in 
thi- titration, and control agglutination 
3 
() The Indirect Antiglobulin Test. The 
ind Fig. 3. Relationship of prenatal maternal and 


ect antiglobulin test against adult A, 


cel] 


in the case of group A infants, or 


cord antiglobulin tests in 54  heterospecific 


pregnancies. 
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TaBLe 15. Prenatal maternal and infant cord serological findings in 54 hel ro- | spec 
refer to the isoantibody antagonistic to the infants ABO blood group (i — den 
Prenatal maternal serology 
After neut. alizat 
Case Agglutinin titre Parts to Incomplete Indix 
no. Parity Rh type Saline Albumin  MHemolysin neutralize*** agglutinin AH(; 
O-A. Negative direct Min test 
l ] D+ 160 160 — 3 Nil 
2 | + 2560 1280 4 3 Nil 
3 ] D+ 640 160 4 3 Nil 
4 — 80 80 2 3 Nil 
5 l D+ 320 320 4 3 Nil 
6 I ede/ cde 40 40 2 Nil 
7 l D+ 1280 640 3 Nil 
8 3 D- 2560 320 4 3 Nil 
9A 7 D+ 320 NT 3 Nil 
B 
10 4 D+ 1280 640 4 : Nil 
1] 1 cde/cde 160 80 4 3 32 
12 ] D+ 2560 160 8 4 Nil 
13 2 D+ 320 320 2 2 Nil 
14 9 cde/ cde 320 80 4 9 40 
15 3 D+ NT NT NT NT NT . 
16 l D+ 640 320 2 2 24 
17 2 D+ 40 80 NT 4 24 
18 3 ede/ cde 80 80 NT 2 Nil 
19 l D+ 320 320 NT 2 12 
20 l ede/cde 80 40 8 4 20 
21 2 D+ 160 320 8 3 Nil 
22 5 D+ 5120 5120 8 6 Nil 
23 2 D+ 640 1280 1 4 Nil 
24 l cde/cde 320 320 NT 3 32 
25 ] D+ 80 320 4 2 Nil 
26 l D+ 320 2560 8 3 64 
27 ] D+ 320 2560 16 15 12 
O-B. Negative direct anti-hwi iin tes 
28 ] D+ 160 80 2 4 40 
29 ] D+ 320 160 8** 54 80 
30 I D+ 160 40 NT 9 40 
31 ] D+ 160 40 8** 9 20 
32 1 D+ 20 160 NT 2 24 
33 7 D+ 160 320 S** 3 128 
34 2 ede/cde 320 320 NT 9 80 
35 8 D+ 80 80 o* 4 40 
36 7 D+ 20 20 ea NT NT 
37 4 cde/ede 40 40 Neg 2 Nil + Bide 
38 2 cde/cde 1280 320 4** 9 80 le 
39 ] D+ 640 2560 * 57 80 
——4 = 
* 1 day postnatal. afte 
** Anti-A lysin. Omit 
*** Amounts of A or B substance required for complete neutralization of standard amoun: »f sl 
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(ro F specsic (40 O-A and 14 O-B) pregnancies. Unless otherwise indicated the results 
i) ss denvi: absence of D factor, NT = not tested, D+ denotes presence of D factor.) 
Infant cord serology 
ilizat Direct AHG test 
Indir4 Agglutinin titre Dilutions of native serum Indirect 
AHG type Saline Albumin Comm. serum 1/10 1/50 1/100 1/200 1/500 AHG test 
anti-h bin test in infant 
NT 
NT = = 
4 
2 
- R - 
= 
R - 
2 
= 2 
2 8 NT 
8 - + 
ti-hu lin test in infant 
NT = = 
= R 
* Bede 2 2 - - - NT* 
le - _ _- + 
afte’ neutralization. 


f seru 


‘Omiti-d, rouleaux formation. 


_ 
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Table 15 (cont.). 
= 
Prenatal maternal serology 
= 
After new raliz; 
Case Agglutinin titre Parts to Incomplete — Indi 
no. Parity Rhtype Saline Albumin Hemolysin neutralize agglutinin 
O-A. Positive direct 
40 l D 160 NT : 9 8 
4] 3 D + 1280 2560 4 2 48 
42 z CDe/CDe — 1280 320 2 2 24 
43 D> 160 40 NT Nil 
44 8 D 160 320 16 : Nil x 
45 9 D+ 320 160 NT 2 24 4 
46 cde 640 320 2 9 20 
47 l D+ 160 640 = 9 640 D 
48 ede/ede 10240 5120 8 9 320 
49 2 D+ 160 160 4 4 160 4 : 
50 3 CDe/cde —-:1280 5120 8 6 Nil ped 
51 D+ 640 320 4 2 12 ) 
52 4 D+ 160 10 NT 2 48 r 
O-B. Positive direct 
53 2 D+ 640 640 NT 2 Nil 
54 2 D+ 640 5120 4 45 256 
Positi 
did not have the test performed before TaBLe 16. Analysis of direct anti-huiian of 
birth and had an infant with a positive globulin (AHG) tests, using commercial i 
indirect antiglobulin test. Assuming that and cord blood It 
in infants born of heterospecific pregnaicy. or 
sensitizing antibody in the infant must ae 
have been derived from the mother, we No. of cases Test Test ~ 
tested 0sitive negative af 
may conclude that at least 38 out of 54 I Bae aft 
mothers (70%) in this heterospecific series 06 AHG 15 7 
serum 
must have had sensitizing antibody in a ag 
their serum during the prenatal period. Dilutions 1:10 15 l = 
It is interesting that agglutination of Potent 1:50) 15 wl 
°" Native AHG 1:100 15 1S 
adult cells of the infant’s group in albumin — serum 1:200 0 15 12 
by the cord sera was also demonstrable in 
17 out of the 25 babies with positive indi- ia 
rect antiglobulin test and was doubtful in jpn 7 cases! when commercial antiglol ‘in 
two cases which showed rouleaux forma-  gerum was used, but that the titra‘ on 
tion. method with a potent native antiglol |in 
2\ The Direct Anti an 
(3) The Direct Antiglobulin Test. In 15 — serum gave 15 positive results at a dilu) on 
out of 55 infants tested the direct anti- — - - a 
globulin test was positive in cord blood. ‘In 1 further case it was negative in d Wi 
blood but positive in 2 subsequent tests du ig or 
Table 16 shows that it was only positive _ the first 48 hours. 
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nti-hi 


= 
Infant cord serology 
Direct AHG Test 
Agglutinin titre Dilutions of native serum Indirect 
type Saline Albumin Comm. serum 1/10 1/50 1/100 1/200 1/500 AHG test 
lin tesi in infant 
) 4 64 = NT 
) 4 ss + 
) NT 
) 
) 4 
8 * 
) 4 
4 
16 
] 
He ede 8 
= 
2 
lin test in infant 
32 + 
1 


Positive in 2 subsequent tests. 


of |:100. The advantage of using titrated 
potent antiglobulin serum is thus evident. 
It is also important to test cord specimens, 
or if these are not available blood speci- 
mens from the infant as soon as possible 
after birth, as the test does not remain 
positive for long in most cases, parti- 
cularly when commercial serum is used. 
This 
who had repeated direct antiglobulin tests 
done after birth, as shown in Table 17. It 


is ‘lear that both the direct and the indi- 


is shown well in three of our infants 


rec’ antiglobulin test, if initially positive, 
ten to become negative within the first 
fev days after birth. 

15 
an globulin tests the indirect test using 


the ‘ases with positive direct 


co. | serum and adult homologous cells 
Wa positive in 14, and in the remaining 


on 


there was saline anti-A agglutinin 


which interfered with the performance 
of the test. Thus the direct antiglobulin 
test appears to be accompanied by a 
positive indirect test as might be expected. 
The converse is not true as the indirect 
antiglobulin test merely indicates the 
presence of sensitizing antibody in the 
serum, but not necessarily the fixation of 
this antibody on the baby’s red cells. 
Anti-A or anti-B agglutinins demon- 
strable in albumin at 37° were present 
in 12 out of the 15 infants with a positive 
the 
between this form of immune antibody and 


antiglobulin test; thus correlation 
a positive direct antiglobulin test appeared 
to be slightly less constant than that of the 
two forms of the antiglobulin test. The 
correlation between the presence of ag- 
albumin and the anti- 


glutination in 


globulin tests is evidently only a loose one, 
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TABLE 17. Results of serial direct anti-human globulin (AHG) tests in three in/ants 
in heterospecific pregnancies. (NT = not tested.) 
Direct AHG test 
Infant’s Iniant’s 
No. of Baby’s Com- indirect agglut inatio: 
previous group Age mercial AHG test vs. titre vs. hom. 
Case preg- and Rh at AHG Titration of native AHG serum adult homo- logois cells 
no. Sex nancies type test serum 1/10 1/50 1/100 1/200 1/500  logous cells in albumir 
42 F 4 A Cord Pos. Neg. Neg. Pos. Pos. NT Pos. Nil 
CDe/CDe 44days Neg. Neg. Neg. Pos. Neg. Neg. Pos. Nil 
43 F 0 A Cord Pos. Neg. Pos. Pos. Pos. Pos. Pos. Nil 
cde/cde 30 hrs Neg. Neg. Neg. Pos. Pos. Pos. Pos. Nu 
60 hrs Neg. Neg. Neg. Pos. Pos. Neg. Pos. NT 
72 hrs Neg. Neg. Neg. Neg. Neg. Neg. Pos. NT 
96 hrs Neg. Neg. Neg. Neg. Neg. Neg. Weak Pos. NT 
l4days Neg. Neg. Neg. Neg. Neg. Neg. Neg. NI 
50 F 2 A Cord Pos. Neg. Pos. Pos. Pos. Pos. Pos. 8 
ede/ede 2hrs Pos. Neg. Pos. Pos. Pos. Neg. Pos. 2 
26 hrs Neg. Neg. Neg. Pos. Pos. Neg. Neg. 2 
but it is striking in our series that an in- mune antibodies. The latter cases pre- 


complete agglutinin titre of 8 or more in 
the infant’s cord blood was always associ- 
ated with a positive indirect antiglobulin 
test (when tested) and in 5 out of 8 cases 
also with a positive direct antiglobulin 
test. 

(4) Maternal Immune Status in Relation 
to Infants’ Direct Antiglobulin Test. A 
detailed analysis of the various forms of 
immune antibody in the mother in relation 
to the direct antiglobulin test in the infant 
is shown in Table 18. This includes all the 
vases of heterospecific pregnancy in whom 
prenatal tests for hemolysins were avai- 
lable as well as the results of the indirect 
antiglobulin test and residual agglutina- 
tion in albumin after neutralization. The 
table shows that a positive direct anti- 
globulin test in the infant is most likely 
to be encountered when all three forms of 
immune ABO antibody are present in the 
maternal serum but may occur in the 
im- 


of demonstrable maternal 


absence 


sumably represent failures of technique 
as also occurred in other reported series 
(50). A higher proportion of maternal sera 
might well be found to give a positive in- 
direct antiglobulin test after neutralization 
if titrated native antiglobulin serum was 
used (55). Analyzing each antibody scpa- 
rately one finds the following correlations: 

1. In 34 cases in which the maternal 
serum showed a hemolysin prenatally ‘he 
infant’s direct antiglobulin test was posi- 
tive 9 times. 

2. In 21 cases in which the maternal 
indirect antiglobulin test after comp te 
neutralization was positive, the infa:t’s 
direct antiglobulin test was positive 10 
times. 

3. In 22 cases in which the mate” ial 
serum showed residual albumin aggluti:.'ns 
after neutralization, the infant’s di °ct 
antiglobulin test was positive 9 times 

Thus, in this whole series, the mot! °’s 
indirect antiglobulin test had the hig: °st 
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‘ 


‘immune’ antibodies of mothers and direct 


man globulin (AHG) test of infants in heterospecific pregnancy in cases in 


which all three maternal antibody tests were performed. 


\laternal “immune” antibodies 


Anti-A or After Neutralization 


No. of women in each 


Infant’s direct AHG test 


anti-B Indirect Incomplete maternal-fetal blood- 
hemolysin AHG test agglutinin group relationship Positive Negative 
Total Total Total 
op 
op 3} 
OB of of of 8 


association with a positive direct anti- 
globulin test in the infant (approximately 
2:1). The importance of the maternal in- 
direct antiglobulin test has been stressed 
prev ously (56). 


Discussion 


Our findings concerning the placental 
tran-fer of agglutinins in saline and colloid 


med 1 in homospecific pregnancy agree 
with those of Tovey (1) and Zuelzer and 
Kap an (50). We found that both types of 
ody reached the cord blood in the 

majority of cases. Like the latter 
rs we also found that the titre ratio 
glutinin in saline to that in albumin 


anti 
grea 
aut] 
of a 


was lower in the cord blood than in the 
maternal serum, and this could well be 
explained by neutralization of the saline- 
agglutinin in the placental or fetal tissues. 
In other words, as Witebsky (32) first 
suggested, the fetal tissues may act in 
vivo like the addition of group specific 
substance in vitro. The titre of agglutinin 
in albumin at 37° in the cord serum may 
equal, or rarely even exceed, the maternal 
titre; though the exact figures are techni- 
cally unreliable the phenomenon is of 
interest in analogy to the occasional higher 
titres of sensitizing antibody in the cord 
blood found by Jungwirth (40). 

In the heterospecific pregnancies the 


ants 
Nil 
Nil 
Nil 
Nil 
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cord findings are quite remarkably dif- 
ferent. Incompatible saline-agglutinins are 
rarely found and then only in very low 
titre, 
albumin, found in about two-thirds of the 


and incompatible agglutinins in 
cases, also attain a much lower titre than in 
homospecific pregnancy. It is of interest 
that Zuelzer and Kaplan (50) were unable 
to demonstrate anti-A in saline or gum 
acacia in 43 of 47 group A infants and anti-B 
in either medium in any of 53 group B 
infants; presumably our considerably more 
frequent finding of incomplete agglutinins 
must be due to a difference in technique. 
Three of Zuelzer and Kaplan’s group A 
infants who did have immune anti-A in 
their serum belonged to sub-group A,; as 
we did not perform consistent sub-group- 
ing of our infants we cannot state the 
proportion of A, babies in our series. 

Jakobowicz and Bryce (46) found an 
incompatible saline-agglutinin in the in- 
fant in 4 out of 79 cases of heterospecific 
pregnancy (in the present narrow sense 
of the word). They pointed out that there 
was no evidence of any hemolytic process 
in these infants, though one developed 
“physiological” jaundice. However, in the 
3 infants in our series of heterospecific 
pregnancies who had demonstrable saline- 
agglutinin in their cord blood, the direct 
test 
although there was no evidence of clinical 


antiglobulin was positive in one 
“hemolytic disease’, as will be discussed 
later. The presence of incomplete agglu- 
tinin in the baby’s cord serum to a titre 
of 8 or more was also a somewhat serious 
sign as it was associated with a positive 
direct antiglobulin test in 5 out of the 8 
cases concerned. 

In our hands the indirect antiglobulin 


test performed on the infants’ serum with 
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adult homologous cells proved more 
than the search for agglutinin in alb: min, 
though it was positive in a slightly si aller 
proportion of cases. It was techn ally 
more satisfactory and was positi\ in 
nearly half the infants born of he ‘ero. 
specific pregnancies, namely 25 out «i 53, 
in whom the test was applied. This ¢roup 
of 25 infants with a positive indirect anti. 
globulin test included 14 of the 15 in/ants 
with a positive direct antiglobulin tes‘ and 
all of the 8 infants who developed hemo. 
lytic disease. 

These findings may be contrasted with 
the rather more clear-cut results obtained 
by Gunson (53) who also found the indirect 
antiglobulin test positive in nearly all af- 
fected infants (39 out of 42) duriny the 
first 24 hours of life, but consistently 
negative in unaffected babies. Zuelzer and 
Kaplan (50) reported the test as positive 
in only 1 out of 28 cord blood speci- 
mens from heterospecific pregnancics. 

As mentioned, 15 out of 25 infants (60 °,) 
who exhibited a positive indirect test also 
showed the antiglobulin test positive in 
its direct form. The proportion of infants 
in our series who showed a positive «irect 
test in heterospecifie pregnancy is |arger 
than that encountered by other aut/vors. 
This is presumably due in part to the fact 
that we routinely tested cord bloocs. If 


blood specimens are taken later the eac- 
tion is liable to prove negative soon ifte! 
birth. However, it is probably at least as 


important that we used a native inti- 
globulin serum in serial dilutions, a- well 
as the commercial type. We obtaine — op- 


timal results at a dilution of native ~ rum 
to 1:100. Commercial antiglobulin » rum 


is equivalent to a greater dilution « _ the 


native material (probably more 1 arly 
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1:500. and is most suited for the detection 
of Ri other 
agglu inins; for the optimal detection of 
ABO 
globuiin serum appears to be more suitable. 


antibodies and “warm” 


intibodies more concentrated anti- 


In fuiure it might be advisable to apply 
this dilution technique also to the indirect 
antigiobulin test in the investigation of 
ABO incompatibility. 


Summary 


In homospecific O-O pregnancy anti-A 
and anti-B agglutinins were found to 
reach the cord blood in the great majority 
of cases, both as demonstrated in saline 
at room temperature and in albumin at 
37°. The level of saline-agglutinin at room 
temperature in the cord blood was, how- 
ever, considerably more depressed in com- 
parison to the maternal titre than that of 
the agglutinin demonstrated in albumin at 
37°. In more than half the cases the titre 
of agglutinin in albumin in the cord blood 
excecded that of the saline-agglutinin. The 
direct antiglobulin test was uniformly 
negative in the cord blood of homospecific 
infants. 

In heterospecific pregnancy incompa- 
tible saline-agglutinin was only found in 
the cord blood of 3 out of 55 infants, and 
at very low titre. One of the 3 babies 
concerned had a positive direct anti- 
globulin test. Agglutinin in albumin was 
demonstrated in 28 of 46 cord bloods 
test d, but was present in much lower 
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titre than in homospecific pregnancy. 
Five of the 8 heterospecific infants who 
had agglutinins in albumin to a titre of 8 
or more also had a positive direct anti- 
globulin test. The indirect antiglobulin 
test was positive in about half the infants 
in whom it could be performed. Virtually 
all the infants who had a positive direct 
antiglobulin test were included among 
those with a positive indirect test, and 
they represented about 60 % of that group. 
The direct antiglobulin test was positive 
in 15 cases among the 55 heterospecific 
infants. This represents a larger proportion 
than that encountered by other workers 
and is explained by the fact that cord blood 
was tested routinely and that serial dilu- 
tions of native antiglobulin serum were 
used in addition to commercially available 
serum. Optimal results were obtained when 
the native serum was diluted 1:100. 
When the positive direct antiglobulin 
test in the infant is related to the maternal 
serological status, it is found to occur most 
frequently when the mother has all the 
various forms of immune ABO antibodies 
(hemolysin, residual incomplete agglutinin 
and positive indirect antiglobulin test after 
neutralization). In regard to individual 
maternal antibodies the closest connection 
appears to be with a positive maternal 
indirect antiglobulin test after neutra- 
lization, for in the presence of this 
phenomenon the infant had a positive 
direct antiglobulin test in about half the 


cases. 
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PART III 


Clinical and Laboratory Findings in Heterospecific Pregnancy, with a 
Note on the Incidence of ABO Hemolytic Disease 


During recent years a number of studies 
have been undertaken to compare the 
hematological findings and serum bilirubin 
values in infants born of homospecific and 
heterospecific pregnancy, respectively. In 
1949 Bryce and her colleagues (57) in 
Australia examined the hemoglobin level 
in a fairly large series of newborn children 
and found that the mean concentration in 
skin-prick specimens was significantly lower 
in babies born of heterospecific pregnancy 
than in homospecific pregnancy. In 1953 
Johnstone (58) compared the serum bili- 
tubin values of cord blood in 1078 homo- 
specific pregnancies with those in 275 
heterospecific pregnancies and found that 
the mean in the heterospecific cases was 
1.36 mg per 100 ml and significantly higher 
than the mean value of 1.24 mg per 100 ml 
in homospecific pregnancies. This dif- 
ference was unrelated to the Rh status. 
The author suggested that the difference 
was accounted for by a greater proportion 
of readings over 2 mg of bilirubin per 100 
ml in the heterospecific group and that 
some of these could be due to maternal 
Al) iso-immunization. In 1955, Rosen- 
fiei! (49) compared the blood 
he: oglobin value, reticulocyte count and 
ser -m bilirubin level in a large series of 
ho: .ospecifie preg- 
na cies. He also applied the direct anti- 


cord 


2 


= 


and __heterospecific 


gl sulin test to these cord specimens and 
co: sidered it positive if as little as 20% of 


the red cells seemed microscopically 
agglutinated into aggregates of 3 or more. 
In this way he obtained a weakly positive 
direct antiglobulin test in over 11% of 
group-incompatible infants but in none of 
the group-compatible children. The infants 
with this weakly positive direct anti- 
globulin test had a significantly low mean 
hemoglobin value and significantly high 
mean reticulocyte count and serum bili- 
rubin level compared to other group-in- 
compatible infants. It was also interesting 
that 38 out of 39 mothers of this particular 
class of group-incompatible infants with 
positive direct antiglobulin test belonged 
to group O. This predominance of group 
O among the mothers was significant, and 
considering the born of 
heterospecific pregnancies in which the 
mother belonged to group O, the incidence 
of a positive antiglobulin test was 17%. 
Thirty-one out of these 38 infants with a 
positive direct antiglobulin test also had in- 
creased osmotic fragility of their red cells, 


only infants 


again suggesting that they were actual cases 
of mild hemolytic disease due to ABO iso- 
immunization. However, when the in- 
compatible cases with a negative direct 
antiglobulin test were compared with 
compatible infants they still had a higher 
mean reticulocyte count, though not a 
significantly different level of hemoglobin 
or bilirubin, and the difference in the 
reticulocyte count was again found to be 


associated almost entirely with group O 
mothers. Thus it appeared that the positive 
antiglobulin test still did not detect all the 
involved cases. None of the affected in- 
fants required replacement transfusion, 
but three were given simple transfusions 
for anemia. 

The statistically significant differences 
observed in these large series of cases are 
evidently difficult to demonstrate when 
smaller groups of infants are compared. 
Thus Zuelzer and Kaplan (36) studied 
infants born of homospecific and hetero- 
specific pregnancies and compared them 
with respect to the occurrence of early 
jaundice, serum bilirubin levels in cord 
blood and on the third day of life, hemo- 
globin levels, spherocytosis, the incidence 
of splenomegaly or hepatomegaly, and 
general clinical behaviour. No appreciable 
differences were apparent between the two 
groups except for a slightly higher average 
of the bilirubin levels of questionable 
significance in the O-A and O-B hetero- 
specific groups. They studied mostly 
Negro children in whom early jaundice 
may be difficult to detect, but they found 
no cases of icterus praecox in a random 
series of 131 infants born of heterospecific 


TABLE 19. Comparison of mean bilirubin, reticulocyte count and hemoglobin cv: 
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pregnancy. They concluded that. he: :ro- 
specific pregnancy per se does not on- 
stitute a physiological handicap to the 
infant by the usual clinical and labora. ory 
standards. However, they did fin: a 
reduced survival time of those erytiro- 
cytes which were agglutinable by the 
maternal anti-A or anti-B antibodies in 
seemingly normal heterospecific secr:tor 
infants. This selectively increased destruc- 
tion of fetal red cells did not appear 
to be of any consequence. 

In view of these somewhat discordant 
findings we considered it of interest to 
study the incidence and onset of jaundice 
and to analyse the laboratory findings 
among the 55 infants born of heterospecific 
pregnancies in our prospective series. As 
previously mentioned, the cord blood of 
15 among these 55 babies gave a positive 
direct antiglobulin test and thus divided 
off a group of seemingly affected balhies 
as in Rosenfield’s series. 


Results 


The hemoglobin values, 
and 


reticulocyt 


counts serum bilirubin determi: 


tions which were performed on the cord 


centration of cord blood of infants from homospecific and heterospecific pregnanci:s 
when the mothers are group O. 


Homospecific Heterospecific 
Sample Sample Mean Probabili:: * 
size Mean size Mean difference less thé 
Bilirubin mg/100 ml 68 1.65 34 1.78 0.13 0.30 
Reticulocytes % 53 4.55 24 4.50 0.05 0.85 
Hemoglobin gm./100 ml 62 16.44 29 16.29 0.15 0.50 


* Probability 0.05 critical value. 
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Tar £ 20. Comparison of mean bilirubin, reticulocyte count and hemoglobin concen- 
tratin of cord blood of infants from heterospecific pregnancies divided into two 
groups on the basis of the direct antiglobulin test. 


Direct AHG 
test positive 


Direct AHG 
test negative 


Sample Sample Mean Probability* 
size Mean size Mean difference less than 
Bilirubin mg/100 ml 13 2.00 pA! 1.64 0.36 0.25 
Reticulocyte % 8 5.11 16 4.20 0.91 0.70 
Hemoglobin gm./100 ml 11 16.40 18 16.22 0.18 0.30 


* Probability 0.05 critical value. 


blood specimens of our homospecific and 
hetcrospecific cases are analysed in Table 
19. This shows that the serum bilirubin 
level is indeed somewhat higher and the 
hemoglobin concentration somewhat lower 
in the heterospecifie group, but the dif- 
ferences are not statistically significant. 
In Table 20 the infants born of hetero- 
specifie pregnancy are divided into two 
groups according to the result of the direct 
antiglobulin test. Again the differences in 
regard to bilirubin level, reticulocyte count 
and hemoglobin concentration are not 
statistically significant. Although a sta- 
tistical analysis of these laboratory data 
did not show any marked difference be- 
tween the various groups it was evident 
that several infants suffered from ‘‘icterus 
praccox” with early jaundice and some 
abnormal laboratory findings. In order to 
detcrmine the incidence of ‘hemolytic 
dis-ase’’ among these babies it was neces- 
sar to establish some definite criteria of 
ab: ormality. It was therefore agreed that 
a agnosis of hemolytic disease should be 
m: le under the following conditions: 
Demonstration of ABO incompati- 
and child with 


bi y between mother 


ex usion of other sensitization. 


2. Positive direct antiglobulin test in 
the infant and/or positive indirect anti- 
globulin test of the infant’s serum against 
adult cells of the infant’s own group. 

3. Either or both of the following: 
(a) Jaundice in the first 36 hours of life 
with a serum bilirubin level of at least 
10 mg% on the first day of life or of 
15 mg % during the first week. (b) Abnor- 
mally low hemoglobin concentration (as 
defined by Mollison (59)) during the neo- 
natal period. 

It is realized that there are other useful 
diagnostic indications of the disease such 
as spherocytosis or increased osmotic 
fragility of red cells or reticulocytosis above 
7% during the first two days (41) in the 
ABO 
antibodies or of a greatly raised titre of 


infant; the presence of “immune” 


saline anti-A or anti-B agglutinins in the 
mother; or the demonstration of incom- 
patible “immune” or, more rarely, saline- 
agglutinins in the infant’s serum, but these 
are not included among the essential 
criteria. Again, a reduced survival time of 
transfused erythrocytes of a homologous 
group in the infant is probably the most 
sensitive index of hemolysis but was 
excluded from the criteria as it is not a 
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TABLE 21. Clinical and laboratory findings in 7 infants from heterospecific pregn ney 
with positive direct antiglobulin test with hemolytic disease. (BT = simple blood ti 1 
fusion. NT =not tested. RT = replacement transfusion.) 


27 hrs-8.0 
54 hrs—10.4 
75 hrs-16.3 


Onset of 
Gesta- jaundice 
tional Birth — hours Hemoglobin 
Case age weight after gm./100 Bilirubin 
no. Parity (weeks) Ibs. oz. birth ml mg/100 ml Therapy 
41 3 38 5.15 24 Cord 16.4 Cord 2.6 Nil 
43 hrs 10.7 
67 hrs 12.6 
93 hrs 18.2 
7 days 16.0 
43 1 42 6.15 HF | Cord 15.4 Cord 2.2 B.T. at 
30 hrs-15.9 30 hrs 8.0 3&7 
72 hrs—16.6 54 hrs 8.0 weeks 
7 days 12.4 72 hrs 8.9 
14 days 9.2 
44 8 36 8.11 24 72 hrs-20.8 36 hrs 9.0 Nil 
6 days 16.5 72 hrs 16.0 
90 hrs 15.0 
48 1 35 6.4 24 Cord 17.5 Cord 1.8 R.T. at 
11 hrs-18.5 11 hrs—3.2 86 hrs 
86 hrs-18.7 54 hrs-16.2 
61 hrs-18.2 
78 hrs—22.4 
86 hrs—22.9 
108 hrs—14.0 
50 3 45 8.8 22 Cord 15.4 Cord 3.3 Nil 
2 hrs-4.3 
26 hrs-9.7 
75 hrs—15.2 
99 hrs-12.0 
3 2 41 712 12 41 hrs—20.8 Cord-2.1 Nil 
84 hrs—22.0 41 hrs-11.3 
60 hrs—19.2 
84 hrs-15.8 
54 2 41 5.4 24 Cord 16.5 Cord 2.3 Nil 


very practical method of diagnosis and 
possibly too sensitive to indicate “‘disease’’. 

When the heterospecific infants in our 
series were analysed according to these 
criteria, it became evident that definite 
though mild disease had occurred in 7 of 
the 15 cases who had a positive direct 
antiglobulin test. Details of the 7 affected 
infants are given in Table 21. Among the 


10 cases with a negative direct but posit ve 


indirect antiglobulin test one definite 
(case No. 36)! occurred (Table 22). In he 


remaining 30 cases with both these t: sts 


negative there was no clinical or laborat ‘ry 


evidence of disease. Treatment for he 


entire group was expectant except or 


a replacement transfusion in one pat: nt 


1 See Table 15. 
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22. 


Findings in 10 infants of heterospecific pregnancy with negative direct 


AH‘ test and positive indirect AHG test. Case no. 36 had definite clinical disease. 
(NT = Not tested.) 


Birth Onset of 


Case Gestational weight jaundice Hemoglobin’ Bilirubin Sphero- Reticulo- 
no. Parity age (weeks) lbs. oz. —hours gm./100ml mg/100ml eytosis cytosis% Therapy 
9A 7 40 4.8 72 Cord 17.5 Cord 1.8 = Cord 3.1 Nil 
72 hrs 18.5 72 hrs 11.7 
23 2 43 7.12 96 Cord 15.5 Cord 1.4 = Cord 6.0 Nil 
4 days 6.0 
24 1 37 5.13 60 Cord 14.9 Cord 0.4 = Cord 4.6 Nil 
27 1 39 7.5 none’ Cord 16.2 Cord 1.2 = Cord 3.1 Nil 
33 7 40 8.1 none 36hrs-16.5 36 hrs-5.3 Nil 
34 2 40 7.11 72 Cord 15.1 Cord 2.6 Increased N.T. Nil 
72 hrs 9.9 fragility 
6 days 12.8 
35 8 40 4.15 none Cord 15.65 Cord 0.8 = Cord 5.9 Nil 
56 hrs 0.8 
36 7 42 7.12 18 Cord 14.2 Cord 1.7 Sphero Cord 6.7 Nil 
4 days 19.0 4 days 15.7 incord 
38 2 40 8.4 none Cord 16.6 Cord 1.1 = Cord 4.8 Nil 
5 days 1.7 
39 1 42 9.2 72 Cord 17.7 Cord 2.8 = Cord 3.1 Nil 


5 days 17.1 


5 days 11.2 


and two simple transfusions for anemia in 
another patient. Among the homospecific 
pregnancies there were no cases of hemo- 
lytic disease. 

Finally, those infants who had a positive 
direct antiglobulin test and fulfilled the 
above criteria of hemolytic disease may 
be compared with the other groups. Table 
23 shows that if they are compared with 
those infants who also have a positive 
direct antiglobulin test but do not fulfil 
our third criteria of disease, there is a 
sig ificant difference in the arithmetic 
me ns of the cord serum bilirubin levels of 
the two groups. This is not altogether 
sur rising as the serum bilirubin level it- 
sel’ will partly determine the presence of 
dis ase according to our criteria; it is, 
ever, of interest in showing that the 


bilirubin level of the cord blood is a useful 
index of developing hemolytic disease in 
these infants. While a bilirubin level of the 
cord serum above 3 mg % is highly suspi- 
cious of hemolytic disease (15), Tables 21 
and 22 show that even cord bilirubin 
values of 1.7 mg% may be followed by 
disease. 

There three firstborn infants 
among the eight definite cases of hemo- 
lytic disease. Six of these babies were born 
within two weeks of term and though the 


were 


remaining two wer? calculated to have 
been born at 35 and 36 weeks gestation, 
they weighed 6 lbs. 4 oz. and 8 lbs. 11 0z., 
respectively, and did not appear to be 
immature. 

With regard to “‘icterus praecox”’, 7 of 
the 55 infants born of heterospecific 
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TABLE 23. Comparison of mean serum bilirubin level of cord blood of infants rom 

heterospecific pregnancies with positive direct antiglobulin test and clinical di case 

and of infants from heterospecific pregnancies with positive direct antiglobulin test 
and no clinical disease. The mothers were all group O. 


Heterospecific (direct AHG test positive) 


With disease 


Without disease 


Sample Mean Bilirubin Sample Mean Bilirubin Mean Probability* 
size mg./100 ml size mg./100 ml difference less than 
6 2.38 6 1.23 1.15 0.005 


* Probability - 0.05 critical value. 
pregnancy in our series were found to be 
jaundiced at 24 hours after birth or 
earlier. These 7 babies all had clinical 
disease according to our criteria. Six of 
them had a positive and one had a nega- 
tive direct antiglobulin test; in all 7 the 
serum gave a positive indirect antiglobulin 
test against adult cells of their own group 
(Case Nos. 36, 41, 44, 48, 50, 53 and 54).! 
In 69 homospecifie pregnancies, jaundice 
occurring at 24 hours or less was only 
observed in one infant (Case No. 39).2 
This baby also still had a serum bilirubin 
level of 12.6 mg % seven days after birth. 
The cause of the early and marked jaun- 
dice in this case was not established. 
When the maternal serological findings 
are listed for the infants affected by 
hemolytic disease, no consistent pattern 
emerges (Table 24). The titre of maternal 
saline-agglutinin exceeded 1000 in the 
prenatal period in 3 out of the 8 definite 
cases. The albumin titre at 37°C showed 
a two tube excess over the saline titre in 
only 2 out of 8 cases. All maternal sera 
contained hemolysin against adult cells of 
the infant’s group before birth. The indirect 
test of the 


antiglobulin maternal sera 


1 See Part 2 Table 15. 
2 See Part 2 Table 13. 


against adult cells of the infant’s group was 
positive after neutralization of saline-ayglu- 
tinins in 5 of the 8 mothers, and incom- 
plete agglutinin in albumin was present 
after such neutralization in 4 of the 8. 
Fig. 4 shows the serological findings as 
related to the 
hemolytic disease in 26 infants whose 


eventual occurrence of 


cord blood showed a positive antiglobulin 
test in either form. This reveals that 7 out 
of 8 infants with clinical disease belonged 
to the group of 15 infants who have a 


ANTIGLOBULIN INFANT 
DISEASE 
Cord 
| 


Indirect Direct 


Fig. 4. The relationship between the resul ; of 
Indirect and Direct antiglobulin tests on ord 
blood and the eventual occurrence of hemc «tic 
disease in 26 infants in whom the test was pos ive 
in either form. 
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Tap © 24. Prenatal maternal serological findings in 8 cases of ABO hemolytic disease 
amovj infants born of heterospecific pregnancies. In case no. 36 the direct antiglo- 
bulin test was negative; it was positive in the other 7 cases. 

Prenatal maternal antibody findings 

Anti-A or anti-B titre After neutralization 
Cast Infant’s Saline Agglutinin Indirect Incomplete 
no. group agglutinin in albumin Hemolysin AHG test agglutinin 
36 B 20-320 20-80 8 { 24 
4] A 1280-2560 2560 4 t 48-192 
43 A 160-80 40 2 : Nil 
44 A 160-320 320 16 - Nil 
48 A 10,240-1280 5120-1280 8-4 + 320 
50 A 1280-2560 5120-10,240 8-16 Nil 
3 B 640 640 4d = Nil 
54 B 640 5120 8 256 


direct antiglobulin test. Fourteen of these 
(one not tested) in turn are all among the 
25 infants with a positive indirect anti- 
globulin test of their serum against adult 
cells of their own group. One infant with 
definite disease had a negative direct but 
positive indirect antiglobulin test. 


Incidence of Hemolytic Disease 

The incidence of hemolytic disease due 
to ABO iso-immunization has been esti- 
mated variably by different authors. Hal- 
brecht (29) considered that icterus praecox 
occurred once in every 25 to 30 hetero- 
which 
tionately similar to the incidence of ery- 


specific pregnancies, is propor- 
throblastosis fetalis in Rh incompatibility. 
This would mean that disease due to ABO 
isO-i 
100 


nmunization occurs once in every 
150 pregnancies in general. Similarly 
and Gellis (30) examining all infants 
in» hospital who were jaundiced within 


irst 36 hours found erythroblastosis 


due to ABO iso-immunization in 11 out 
of | 50 and later in 14 out of 2624 infants, 
whi h represents an incidence of 0.7%. 


ian and his colleagues (60) found an 


incidence of 0.8% among 2672 infants 
born in two hospitals in Pennsylvania. 
Leikin et al. (61) noted 12 cases of ABO 
hemolytic disease in 230 ABO incom- 
patible infants born of 1125 unselected 
pregnancies. The incidence of the disease 
was 1.15% for the total series of preg- 
nancies, 5.6% for the ABO incompatible 
group and 7.0 % when the mother belonged 
to group O and the infant to A or B. 
Valentine (62) found 14 cases of ABO 
hemolytic disease among 1000 unselected 
births and calculated the 
disease as one in seventy-one births and as 


incidence of 


7% in ABO heterospecific pregnancies. 
On the other hand, according to compre- 
hensive statistics the frequency of ery- 


TABLE 25. The expected and observed in- 

cidence of group O, A and B in 155 off- 

spring of group O mothers mated with fathers 
of unknown ABO group. 


Group of offspring Observed Expected 
O 100 102 
A 41 44 
B 14 9 
Total 155 155 


| 


throblastosis due to ABO incompatibility 
in the Japanese has been calculated as only 
approximately 0.48% of all births (63). 

Our own series is a relatively small one, 
but each infant has been fairly fully 
investigated for the possible presence of 
the disease. Table 25 shows that the distri- 
bution of group O, A and B offspring 
among the infants we examined is not 
significantly different from that which 
would be expected when a random series 
of 154 group O mothers are mated with 
fathers of unknown ABO group in the 
general population, in accordance with 
the prevalent genotype frequencies. 

In random matings between group O 
mothers and fathers of unknown blood 
group the frequency of different combina- 
tions can be determined from a considera- 
tion of genotype frequencies. It is likely 
that the following percentage of combina- 
tions will result, expressed as percentage 
of all matings (26): 


Mother Father % 
O 1.90 
A,O 12.02 
A, A; 1.26 
A,A, 21 
A,O 4.01 
BB 16 
BO 3.52 
A,B 1.11 
A,B 37 
OO 19.00 
43.56 
As eight definite cases of hemolytic 


disease ABO 
resulted from the 154 matings in our 
series, the incidence of the disease was 


due to incompatibility 


5.1% and as this type of mating comprises 
43.6° of all matings the incidence in all 
matings regardless of parental blood group 
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may be calculated as 2.2%. Thus, with 
careful investigation, mild cases oi the 
condition, as defined by our criteria ap. 
pear to occur more often than has een 
suggested previously. 

Levine (26) has shown from a revic vy of 
recorded cases that in 98 % of instanc:s of 
ABO hemolytic disease the mother be. 
longs to group O and the infant to group 
A, or B, or in other words the father may 
have the genotypes A,O, A,A,, 4,A,, 
A,B, A,B, BO, or BB. The frequency of 
these matings is only 20.35%, and there. 
fore the incidence of ABO disease among 
the offspring of group O mothers and 
such ‘“‘dangerous fathers” in analogy to 
our own series can be calculated to he as 
high as 11.1 %, or one in nine such mat ings. 
The incidence of ABO disease in the off. 
spring of the different types of matings is 
shown in Figure 5. Finally, it should be 
mentioned that the 
probably be found to be still higher if the 
most sensitive tests of hemolysis were 
applied to the infant, such as red cell 


incidence would 


survival studies (36). 


Discussion 


Other workers have shown statistically 
significant differences between means for 
cord blood bilirubin level, hemoglobin «on- 
centration and reticulocyte counts in 
homospecific and heterospecific pregian- 
cies. The present study shows only s! ght 
differences in mean cord blood value» for 
serum bilirubin and hemoglobin cor ‘en- 
tration in the expected direction. The dif- 
ferences between the means are no of 
statistical significance, probably bec ‘use 
of the small size of the series. Howeve:. by 
defining instances of hemolytic dis ase 
according to serological, biochemicai and 
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Result 


of 


Present Studies 


Father:— A,AB 


Mother=O 
i BorO 


No. of Cases 


is4 


E33 No Disease 


i< 

ALL 

iu MATINGS | 0 

tow } or 2:2 
‘ 

© And Calculated Incidence In Dangerous” Matings 
No. of Cases 
Mother— O : 


Father :— A;,AB 


hematological criteria one can split off a 
small group of cases which is significantly 
different from the rest, at least in respect 
of serum bilirubin level. Johnstone (58) 
also noted that the difference between the 
mean cord serum bilirubin values in 
homospecific and heterospecific pregnancy 
was accounted for by a relatively small 
number of infants with high readings in 
the ABO heterospecific group. He sus- 
pected that some of these were possibly 
due to mother-child ABO iso-immuniza- 
tion, but among 3070 consecutive deli- 
ver es he found no instances of erythro- 
bla tosis due to maternal ABO iso-im- 
mi iization; this appears to have been due 
lar ely to the fact that the diagnosis was 
no’ made in the absence of a positive direct 
globulin test and that the latter was 


WB Cases of Hemolytic Disease 


or 


INCIDENCE OF ABO HEMOLYTIC DISEASE IN THESE MATINGS 


Fig. 5. Incidence of Hemolytic Disease in Offspring of Different Types of Mating. 


not obtained in ABO cases by the techni- 
que used. 

Our findings are essentially similar to 
those of Rosenfield (49). By his technique 
he demonstrated a positive antiglobulin 
test in 17 % of infants born of heterospecific 
pregnancies in which the mother belonged 
to group O, and he showed that this group 
of infants was abnormal in having a 
significantly low mean hemoglobin con- 
centration as well as a high mean bilirubin 
level and reticulocyte count. He realized, 
however, that some of the infants of 
heterospecific pregnancies whose blood 
gave a negative direct antiglobulin test 
also showed abnormalities as indicated by 
a significantly high mean _ reticulocyte 
count compared to compatible infants. 
Using the titration technique we de- 
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monstrated a positive antiglobulin test in 
27% of the offspring from heterospecific 
pregnancies with group O mothers and 
thus we cast our net somewhat wider. The 
group of infants with a positive direct 
antiglobulin test in our series was shown 
to include 7 out of the 8 cases of hemolytic 
disease, but the whole series was not large 
enough to obtain a significant difference 
in hematological and biochemical data as 
compared to the rest of the group. Only 
the 


significant difference in serum bilirubin 


vases of actual disease showed a 
levels. 

Zuelzer and Kaplan (36) in their series 
similar to our own, found no appreciable 
differences between infants born as the 
result of homospecific and heterospecific 
pregnancies except for a slightly higher 
average of the bilirubin levels of ques- 
tionable significance in the heterospecific 
group. This difference was not regarded as 
significant for the size of their sample, but 
it agreed with the figure obtained by 
Rosenfield (49) in his much larger series. 
Our results are at variance with those of 
Zuelzer and Kaplan in that they found 
icterus praecox in none of 131 infants born 
of heterospecific pregnancies, whereas we 
detected jaundice within 24 hours in 7 out 
of 55 such infants and were able to show 
laboratory evidence of hemolytic disease 
in another 1. Therefore we cannot agree 
with their conclusion that heterospecific 
pregnancy per se does not constitute a 
physiological handicap to the infant by 
the 


biochemical standards. 


usual clinical, hematological and 


Summary 


With the use of a titration method ap- 
plied to native antiglobulin serum, 15 out 
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of 55 infants born of heterospecific reg. 
nancy were found to have cord | |ood 


giving a positive direct antiglobulin ‘est. 


Neither the whole group of heterosp: cific 
infants nor the sub-group with a pos tive 
direct antiglobulin test differed + gni. 
ficantly from homospecific infant. in 
regard to the mean hemoglobin concen. 
tration, serum bilirubin level or mean 
reticulocyte count. However, by laving 
down certain serological, clinical, bio- 
chemical and hematological criteria of 
hemolytic disease, it was possible to 
separate a group of 8 infants with discase 
in the heterospecific group who differed 
significantly from homospecific infants 
and even from the other heterospecific 
infants with a positive direct antiglo} ulin 
test in regard to their mean cord scrum 
Details of the 


hemoglobin concentration 


bilirubin — level. clinical 


status, and 
serum bilirubin levels and other hema- 
tological data in regard to these affected 
infants are given. The serological pattern 
in their mothers is also tabulated. 

The occurrence of 8 cases of hemolytic 
disease in the offspring of 154 random 
group O mothers mated with father» of 
unknown ABO group represents a discase 
incidence of 5.1%. On the basis of ‘his 
incidence in heterospecific pregnancy ‘t is 
calculated that the disease probably oc: urs 
in about 2.2% of all pregnancies anc in 
11.1% of “dangerous matings’ when he 
mother belongs to group O and _ ‘he 
father has an A, or B agglutinoger or 
both. 

It is agreed that the disease is usu lly 
mild; among 55 heterospecific infants « ily 
one required a replacement transfus »n, 
and one had to have two simple tr. \s- 
fusions for late anemia. 


| 


reg. 
lood 
est, 
‘ific 
tive 


in 


case 
ered 
ints 
cific 
alin 
‘ical 
and 
ma- 
ted 


em 


PART IV 


Hemolytic Disease of the Newborn Due to 
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PART IV 


Hemolytic Disease of the Newborn Due to 
ABO Iso-[mmunization 


Within the 
disease due to ABO incompatibility has 
become recognized as a common condition 


past decade hemolytic 


in the newborn, usually manifested by 
early jaundice and often by anemia. The 
earlicr reports of isolated cases have been 
succeeded by stucies of larger series, and 
much work has been done on the laboratory 
diagnosis of the disease. It has become 
apparent that in 90 % of 
cases the mother belongs to group O 
(25) (26) (15) (27), and the infant’s group 
is usually A, or, less commonly, B (64). 
With regard to hematological findings 
Grumbach and Gasser (23) first pointed 
out in 1948 that affected infants exhibit 
spherocytosis and increased osmotic fragil- 
ity of the red cells. This was demonstrated 
independently in four affected infants by 
one of us (28) with another group of 


well over 


investigators, and in one later series of 11 


babies with hemolytic disease due to anti-A 
all were reported as having spherocytosis 
10 as showing increased red cell 
fravility (41). The frequent marked reti- 
culocytosis has also been emphasized (64) 


and 


(65) and is usually somewhat more im- 
pre: sive than the number of nucleated red 
cell 

\ ith regard to the serological findings, 
Winer and his collaborators first de- 
mo: strated that the maternal 
(un valent) anti-A and anti-B agglutinins 


immune 


I~ 39056 Acta Pediatrica. Suppl.: 120 


can traverse the placenta and are liable 
to cause disease in the infant, whereas high 
maternal titres of saline-agglutinins (bi- 
valent) are not necessarily correlated with 
The 
maternal ‘immune’ ABO antibodies was 


such disease (2). importance of 
confirmed in a series of 45 patients reported 
from Holland in 1950 in whom not only 
the maternal agglutinin titres were esti- 
mated but also the indirect antiglobulin 
and blocking tests were performed on the 
mother’s serum after partial absorption 
with A or B substance (66). Other wor- 
kers have emphasized that the group O 
mothers of affected group A_ infants 
constantly exhibit anti-A hemolysins (41) 
(67). Unfortunately this is of limited 
diagnostic value as it is a common finding 
in the general population and is almost 
universal in heterospecific pregnancy (cf. 
Part I of this paper). Crawford and his 
colleagues (41) have made the test more 
selective by checking the maternal serum 
for hemolysins against the relatively non- 
reactive red cells of the infant rather than 
against adult red cells as usual. However, 
using this modified technique, Zuelzer 
and Kaplan (64) found the test positive 
in only 13 out of 18 mothers of affected in- 
fants. Tests for other maternal “immune” 
antibodies have the same defect of being 
inconstantly positive when the infants are 
affected by the disease. Thus the indirect 


| 


TaBLE 26. Maternal and infant serological findings together with other pertinent date in 4 
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PP = post part m, piel!’ 


Maternal Serology 


nt t 


ly 


Antibody titre 
Maternal Time  Hemo- saline  albu- After neutralization Infant Tine cgpirect - 
Case Prev. group of lysin af room = min Indirect Incomplete — group fy 
no. preg. andtype sample titre temp. at37° AHGtest agglutinin and type sample 
50 
1 3 O,D 8 days PP 4 10,240 81,920 NT NT B, CDe/CDe 42 hrs “ 
AT 2 
2 3 O,CDe/cde 1 day PP 4 2560 NT + 40 A, aD 35 hrs 
3 2 0,D 13 days PP 4 10,240 10,240 + A, D 32 hrs PAT N 
4 0 O,CDe/CDe 1 day PP 4 640 2560 a —-  A,CDe/CDe 5 hrs NT N 
5 0 O,D 1 day PP 4 80 NT {- 16 A,D Cord \T N 
6A 1 O,D 8days PP 4 2560 640 4. 20 A.D Sdays WT XN 
B A, D Sdavs WAT N 
7 2 O,D 2days PP 4 1280 10,240 40 hrs [XT N 
8 2 0,D 9days PP 4 120 5120 A, D 24 hrs 
y 0 O, CDe/ede 5 days PP 4 320 NT 20 A, cDE/cde 21 hrs \T N 
10 > 0; D 1 day PP 8 640 NT A, D 16 hrs 
11 5 O,ede/ede 1 day PP 2560 NT t 20 A, ede/ede 36 hrs 
12 3 0,D 4 days PP 8 320 NT + 40 B, D 12 hrs 
13 2 0,D 1 day PP 4 120 NT : A, D 23 hrs 
14 3 0O,D 1 day PP 4 80 640 t 16 A, CDe/ede 22 hrs 
15 2 0,D 1 day PP 2 320 320 + 20 A,D 25 hrs 
16 2 0,D PP 4 2560 640 48 A,D 56 hrs [AT N 
17 0 oO, D 1 day PP 4 1280 1280 - 48 A,CDe/eDE 9 hirs 
18 0;D lday PP 10,240 10,240 160 <A,D 7 hrs \T 
19 0 O,D 8days PP 16 640 320 A, D 36 hrs 
20 0 O,CDe/ede 1 day PP 5120 9120 t 4 A, CDe/cde 25 hrs 
21 O,CDe/CDe 2days PP 8 10,240 10,240 512. A, CDe/ede 35 hrs 
22 0 O, CDe/cde 1 day PP 4 5120 320 - A, CDe/cde 4 hrs 
23 2 CDe/cde PP — 640 320 A, CDe/cde 21 hrs 
24 2 0,D 7 days PP NT 2560 2560 + 192 A,D 43 hrs 
25 0 O, D 3 days PP 2 80 40 - A, dd 30 hrs 
26 7 O, D 4 days PP 16 320 320 = A, D 15 hrs 
27 1 O,D 3 days PP 8 640 640 - ~ B, D 48 hrs 
28 4 O,cDE/cde 3 days PP 8 640 640 - 48 B, D eord 
29 0 O,cde/ede 1 day PP 8 1280 1280 320 A, dd hrs 
30 1 O,D 2 days PP 4 80 NT : 16 B, D 48 irs ; 
31 PP 4 640-640 - - A,D 96 hrs 
32 2 0,D 1 day PP 4 2560 10,240 + = A, ede/ede 26 hrs 
33 1 O,ede/ede 3 days PP 2 2560 320 : 79 hrs 
34 1 QO, CDe/ede 1 day PP 4 160 320 1 -- B, CDe/cde 26 ‘rs 
35 1 0, CDe/CDe 1 day PP 4 2560 2560 3 160 A, CDe/cDe 12 jars 
36 3 O, CDe/cDE 1 day PP 8 1280 5120 + 32 A, eDE/cde 13 ors 
antiglobulin test against cells of the baby’s (31) the demonstration of ABO in m- 
se 
group was positive in maternal serum _ patibility in the absence of any other ind a 
after neutralization of saline-agglutinins the presence of anti-A or anti-B 
in 3 out of 9 cases in one series (67) and agglutinins in high titre or of im» une r 
ge 
in 22 out of 35 in another (64). ABO antibodies in the maternal seru: do 7 
As one of us has previously pointed out not, in any case, represent concli ive ‘ 
0 


in jj 


m. pregnancies, AHG=antihuman globulin, B.T.= simple blood transfusion, NT = not testec 
‘Bement nsfusion. 
Infant Hematology 
Maximal Minimal 
pgpirect ANG test In- Onset Bilirubin Hemoglobin Reti- Nucle- 
= direct of culo- ated 
Nati » AHG Serum AHG Albu- jaun- mg/ gm., cytes RBC/100 Sphero- 
___ 50 1 104 ) i 200 1/500 test min dice Hour 100ml Hour 100ml Hour % WBC _ cytes Therapy 
hrs 
a ND NE ONE NT 14hrs 42 106 42 12.2 120 = 8 0 1+ R.T.©48 hrs 
hrs B.T.O3 days 
hrs NT NT NT NT 24hrs 38 18.2 38 16.7 380 0 1+ R.T.O45 hrs 
rs [PT NT NT NT NT 24hrs 40 182 32 160 32 NT 0 4+ R.T.©40 hrs 
d NT NT NT — 3hrs 5 5 14.8 5 28 75 NT R.T.©10 hrs 
lays WAT NT NI NY — 24hrs 58 19.0 36 17.0 36 12 NT NT None 
lays WOT NT NT NT NT Birth NT NT NE NE NT None 
hrs [XT NE NT NT NT Birth NT NE NE NE NT None 
hrs a = NT 36hrs 57 26 48 11.4 48 9.8 0 NT R.T.057 hrs 
hrs NT NT NT NT 6hrs 48 21 «(17.3 NT NT NT R.T.O52 hrs 
hrs NT 2lhrs 46 14.3. 70 16.3 21 NT NT None 
hrs NT — 12hrs 16 9.4 16 17.7 16 12.7 10 1+ None 
hrs -- -- NT 24hrs 60 19.0 36 17.0 36 NT NT 1+ None 
hrs NT NT NT 8hrs_ 11 10.8 11 19.2 HH 8.4 140 1+ None 
hrs NT + + 6hrs 24 15.9 24. 18.5 24 2.8 3 1+ None 
hrs = = NT 8hrs 22 10 22 ~=«'14.8 24 NT 3 NT R.T.O12 hrs 
hrs NI NT NT NT — 20hrs 46 9.7 46 13.4 25 18 8 1+ None 
rs t t NT 32hrs 32 15.1 32 13.8 NE NE NT None 
'g \T t NT 7hrs_ 36 7.4 24 14.3 24 27 4 2+ None 
hrs ; NT 8 7hrs 31 14.3 96 11.9 7 #18 18 NT None 
hrs NE 3 NT 36 hrs NT 36 11.0 72 = NT NT None 
hrs NT 4 14hrs 24 15.1 ff? 17.0 NT NT NT None 
rs + 424hrs 35 13.7 35 14.5 35 «(14 1 NT None 
164hrs 60 32.7 76 12.4 NT NT NT R.T.O60& 82 |} 
irs B.T.O5 days 
irs = 218hrs 96 17.6 21 15.6 NT NT NT None 
irs 8 24hrs 93 18.2 93 16.0 43 NT NT 2+ None 
ITs — 27 hrs 30 8.8 30 15.9 30 NT NT 
rs = 4 24hrs 60 160 60 20.8 NE NE NT None 
| 4 12hrs 61 19.2 41 20.8 NT NT NT None 
rs a 128 20 hrs 24 15.0 24 18.8 cord 5.8 65 NT None 
8 20 hrs 78 22.4 11 18.5 11 7.6 44 2+ R.T.O86 hrs 
rs MW NEF NI NT NT 12hrs 80 163 48 15.2 NT NT NT None 
rs + + NT 4 hrs NT 72 12.0 48 NT 12 NT None 
rs = 224hrs 75 15.2 cord 15.4 cord 7.4 18 4+ None 
rs - 8 24hrs 79 16.3 79 18.8 79 oat 0 2+ None 
I's 16 19 hrs 26 17.8 26 15.9 26 «(13.7 2 NT R.T.©25 hrs 
rs 212hrs 47 17.8 47 14.7 12. 8.5 8 NT R.T.047&68] 
+ 8 12 hrs 24 14.7 22 13.6 22 4+ R.T.022&48]) 
m- 
¥ ser ogical evidence for the disease. Addi- The incompatible antibody can be most 
* tio: al proof should be supplied by showing conveniently detected in the infant’s 
ne tha’ the incompatible antibodies are pre- serum as an incomplete agglutinin or by 
“ sen’ in the infant, particularly if their means of the indirect antiglobulin techni- 
si act n can be demonstrated, at least by a que against adult cells of the infant’s 
po: ‘ive direct antiglobulin test. group. As mentioned in Part II of this 
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_ 


paper, the latter method was more satis- 


factory and appeared more sensitive in our 


hands. Using both these techniques Zuelzer 
and Kaplan (64) demonstrated free in- 
compatible antibody in 26 out of 29 infants 
with ABO hemolytic disease; Crawford 
and his colleagues (41) found the indirect 
antiglobulin test against adult A_ cells 
positive in 8 of 11 affected infants. The 
remaining babies may, of course, also be 
presumed to have had incompatibie anti- 
body transmitted but represent “‘sero- 
logical failures”. 

It has long been known that the direct 
antiglobulin test may be negative in re- 
gard to cells which are only weakly sen- 
sitized by anti-A or anti-B agglutinins 
(68). Thus it is not surprising that the test 
has been negative in many infants reported 
as suffering from ABO hemolytic disease. 
A negative direct antiglobulin test has 
even been described as an expected finding 
in the disease (30), though the test has also 
been reported as definitely, or at least 
weakly, positive in a proportion of affected 
babies by various authors. For instance, 
in one series 6 of 37 infants had a weakly 
positive direct antiglobulin test (64), and 
in another group the test was positive in 
32 out of 134 newborn (24%) with ABO 
disease (15). Various attempts have been 
made to devise a more sensitive modifica- 
tion of the test, such as a microscopic 
technique (49) or the two-stage anti- 
globulin reaction of Richardson Jones 
which is reported as positive in over 60% 
of cases (30). One of the simplest and 
most effective modifications would appear 
to be the use of potent native absorbed 
antiglobulin serum in serial dilution (55) 
(41), and we have found this method quite 
successful, as reported in previous sections 
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of this paper. If desired, the incomp: ‘ible 
antibody can be eluted from the surf: +e of 
the red cells which give a positive « irect 
antiglobulin test and may then be ic onti.- 
fied as anti-A, or anti-B (56). 

The 
presently available is the study o! the 


most sensitive diagnostic test 
differential survival rate shown by red 
cells of different groups transfused into 
the infant, but this is unfortunately im. 
practicable as a routine hospital procedure. 
It may also be objected that it is such a 
sensitive test as to show up fully compen. 
sated reductions in red cell survival which 
hardly amount to a “hemolytic disease” 
(36). 

We now present our own experiences in 
a recent series of 37 cases of hemolytic 
disease due to ABO incompatibility, with 
particular reference to the serological] {ind- 


ings. 


Case Material and Methods 


While the prospective study of pregnant 
group O women and their offspring, 
reported in previous sections of this paper, 
was in progress at The Vancouver General 
Hospital, the Pediatric Research Laliora- 
tory of the Health Centre for Children 
rendered diagnostic services to any «taff 
or private patient in various local hc spi- 
tals in whom the diagnosis of «BO 
hemolytic disease of the newborn was 
suspected. In this way, a fairly | irge 
number of instances of the disease « me 
to the notice of the present authors. } ow- 
ever, it should be noted that the wr ‘ers 
were not responsible for the manage: ent 
of most of these patients and had nly 
limited facilities for investigation. “he 
cases which will now be analyzed ad 
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fairl, full serological investigation and 
fulfil ed the diagnostic criteria for hemo- 
lytic disease laid down in Part III of this 
pape’, viz: 

1. Demonstration of ABO incompati- 
pilit, between mother and child, with 
exclusion of any other sensitization. 

2. Positive direct antiglobulin test in 
the infant and/or positive indirect anti- 
globulin test of the infant’s serum against 
adult cells of the infants’ own group. 

3. Either or both of the following: 

(a.) Jaundice in the first 36 hours of life 
with a serum bilirubin level of at least 
10 mg% on the first day of life or of 15 
mg”, 

(b.) Abnormally low hemoglobin concen- 
tration (as defined by Mollison (59) during 
the neonatal period. 

37 such affected infants were available 


during the first week. 


for analysis. Among them were two 
surviving triplets, hence 36 mothers are 
comprised in the study. The mothers all 
belonged to group O; 33 were Rh positive, 
and 3 were Rh negative without Rh anti- 
bodies. 30 infants had blood group A and 
7 had group B; the A subgroup was not 
determined. 

The laboratory methods used were those 
described in the introduction to this paper. 
Titrations of maternal anti-A or anti-B 
agglutinins were performed in saline at 
room temperature and in albumin at 37°C. 
The maternal sera were also tested and 
titr: ted for hemolysin against adult A 
and B cells and frequently against the 
infs it’s cells. After complete neutraliza- 
tion of saline-agglutinins with A and B 
gro p specific substance, indirect anti- 
glo! ilin tests were performed and agglu- 
tin’ titration in albumin was repeated. 
Th infants were examined clinically, 


various hematological tests were performed 
and the serum bilirubin level was estimated. 
Serological studies in the infants included 
serum agglutinin titration in albumin at 
37°C and indirect antiglobulin test against 
adult cells of their own group, as well as 
direct antiglobulin test on the infant’s red 
cells, using both commercial antiglobulin 
serum and various dilutions of a native 
absorbed antiglobulin serum. 


Results 


The main data concerning these cases 
are listed in Table 26. 


I. Clinical, hematological and biochemical 
findings in the infants 

In regard to the pregnancy history, it 
is notable that 9 of these 37 babies were 
first-born. In the remaining 28 infants 
(including the two surviving triplets), a 
history suggestive of hemolytic disease in 
previous pregnancies was obtained in 9 
instances and an exchange transfusion had 
been administered in one of these (Case 
No. 28). Many of these histories were not 
sufficiently reliable in retrospect to war- 
rant further detailed analysis. 

The infants had all been born within 
two weeks of term, and 35 of the 37 had 
a normal delivery and birth weight. The 
exceptions are the two surviving triplets 
who were born in another city at 38 weeks’ 
gestation after labour had been induced for 
mild toxemia; they weighed 4 Ibs. 6 oz. 
and 5 Ibs. 11 oz., respectively (Case Nos. 
6A and 6B), and were brought to our notice 
after the third had died of kernicterus. 

The babies had generally appeared well 
at birth. Most of them attracted their 
physician’s attention by the early develop- 
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Hematological findings in infants with ABO hemolytic disease, prec: ling 


transfusions. 


No. of infants 


No. of tests 


Time of test tested performed Range Mean valu: 
1. Hemoglobin concentration (gm./100 ml) 
Ist day 20 28 12.4-21.0 16.3 
2nd day 20 22 11.0-20.8 15.2 
3rd-7th days 15 24 11.9-22.0 15.8 
2. Reticulocyte count (%) 
Ist day le 18 2.8-28 10.6 
2nd day 6 6 9.8-18 13.7 
3rd-7th days 4 4 3.7- 8 6.2 
3. Nucleated red cell count (per 100 W.B.C.) 
Ist day 13 18 1-140 29.5 
2nd day 5 5 0- 12 5.8 
3rd-7th days 3 3 0- 9 3.7 
4. Spherocytes 
Grade of spherocytosis 0 +] 2 +3 4 

Total infants tested 
No. of infants tested 0 8 4 0 3 15 


ment of jaundice. Usually this was an un- 
expected phenomenon and cord blood 
specimens were only available for exami- 
nation in 10 babies. In 33 of the 37 infants 
jaundice was noted within 24 hours of 
birth; in the remaining 4 cases it became 
apparent at 25-36 hours. On only one 
occasion was it claimed that jaundice had 
been present at birth; this was in the case 
of the triplets who were born in another 
city; their serum bilirubin levels were not 
blood 
serological tests were only obtained 8 


determined, and specimens for 
days after birth from the two surviving 
infants. We have no cases of hemolytic 
disease presenting as anemia without 
jaundice in the series, though we have seen 
isolated cases which are not included here, 
and well-documented instances have been 
reported by others (41) (64). However, 


pallor was noted in addition to jaundice in 


5 eases in our series. On the whole, it ap- 
peared less common than in cases of 
hemolytic disease due to Rh incompati- 
bility. Similarly, distinct hepatomeyaly 
was unusual and a palpable spleen was 
only noted on the first day in 10 of the 
37 infants. No 


observed in the nervous system of any of 


abnormal signs were 
these patients. 

The hematological investigations are 
listed in Table 27. In 10 of the 35 inf nts 
in whom it was estimated, the hemog! ‘hin 
concentration was below the level of (4.5 
gm% which is often taken as the |: wer 
limit of normal in venous blood dv ing 
the first 2 or 3 days of life (69) (59). The 
mean values of hemoglobin concentre ion 
in these babies are also seen to be ‘ow 
compared to the normal. Yet early ¢ oss 
anemia (below 11 gm %) was not encow te- 
red in this series. The reticulocyte count a xin 
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shov -d a wide range. In 12 of the 20 in- 
fant- in whom they were performed the 
cour..s exceeded the upper limit of normal 
whic: has been defined as 7 % during the 
first two days and 5% from the third day 
onwards (41), 
remained above that limit beyond the 
second day. The nucleated red cell count 
was above 10 per 100 W.B.C. in 7 of the 
17 babies in whom it was examined, and 


and their mean values 


the mean value of 29.5 on the first day is 
well above the upper limit of normal, 
though the means on subsequent days 
suggest a rapid fall to more normal levels. 
The blood films of 15 infants were exam- 
ined for red cell morphology; marked 
spherocytosis (+2 to +4) was found in 7 
of these. Red cell fragility was tested in 
only six infants and was found to be in- 
creased in only two, who both exhibited 
spherocytosis. 

In regard to these hematological find- 
ings, it will be seen that the result of 
repeated tests in the same patients have 
been included in the analysis, and it may 
be argued that this might affect the mean 
valucs as the more seriously affected babies 
are more likely to have repeated tests. On 
the other hand, only findings preceding 


TapeL 28. Serum bilirubin levels in in- 

fants with ABO hemolytic disease (ex- 

cluding premature babies and specimens 
taken after transfusion). 


No. of 


No. of specimens Range Mean value 


Time infants taken mg/100 ml mg/100 ml 
Ist day 25 32 1.6-16.6 7.6 
2nd lay 29 35 6.0-20.8 13.0 
3rd ay 19 23 6.6—-32.7 15.7 
4th<ay 12 13 4,2-22.9 14.7 
dth— “th 

da: 10 10 2.7-16.3 10.7 


transfusions have been analyzed, and this 
would tend to bias the analysis in the 
reverse direction. 

The serum bilirubin levels are analyzed 
in Table 28. It will be seen that the range 
was wide but some high levels were reached 
and the means and maximal values would 
presumably have been still higher if 
replacement transfusions had not been 
performed in 12 of the 37 infants. Exclud- 
ing post-transfusion figures the mean 
values rose to 15.7 mgm% on the third 
day, then fell. In 4 cases the serum 
bilirubin was allowed to rise above 20 
mgm%, reaching values of 21, 22.9, 26 
and 32.7 
fusion was performed, yet no obvious ill- 


mg% before exchange trans- 


effect was noted. 

The clinical course in these infants was 
generally satisfactory and none developed 
signs of kernicterus. As mentioned, al- 
together 12 of the 37 babies received 
replacement transfusions. In 3 cases this 
was repeated and two of the patients sub- 
sequently had a simple transfusion. One 
further infant received only two simple 
transfusions. The jaundice generally sub- 
sided about the beginning of the second 
week, but in at least one case marked 
icterus persisted beyond this period. The 
anemia occasionally showed slow deteriora- 
infant the 
hemoglobin concentration fell to 8.9 gm % 


tion; thus in one full term 


at 4 weeks. 


II. Maternal serological findings 
The 


saline-agglutinin titre in the early post- 


1. Saline-Agglutinins. ranges in 
partum period were again broad, as noted 
in our prospective studies. The saline 
anti-A titre in the first week after delivery 
extended from 80 to 10,240 with a median 
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titre of 1280 in 30 mothers of group A 
infants. The anti-B titres in the first week 
reached from 80 to 10,240 with a median 
titre of 640 in 7 
7 mothers of group B infants. Both these 
medians are one dilution higher than the 


specimens obtained from 


corresponding figures in the early post- 
partum period in our prospective hetero- 
specific series (Tables 2 and 3). Therefore, 
our findings tend to agree with those of 
Reepmaker (15) who stated that the 
average maternal anti-A titre in cases of 
ABO hemolytic disease was higher than 
in normal donors and mothers. 

The number of titres available in the 
late postpartum period in our cases is in- 
sufficient to indicate further trends. 

2. Agglutinins in As 
pointed out in Part I of this paper it is 
realized that the actual titres of agglutina- 
tion in albumin at 37°C are of little quanti- 


Albumin. was 


tative significance in regard to the pre- 
sence of “immune” agglutinins unless the 
titre exceeds that of saline agglutination 
by at least two dilutions, and even then 
it may only represent a shift in the thermal 
optimum for saline agglutination. How- 
ever, this is at least a rough screening test 
for an immune response in agglutination. 

It is interesting to note the number of 
instances in which there was a two-tube 
excess of the titre in albumin over that in 
saline. In this series such an excess was 
found during the first postpartum week in 
6 out of 23 mothers whose infants had 
disease due to anti-A. On the other hand, 
it only occurred in 3 out of 32 homospecific 
O-0O and in 4 out of 30 heterospecific O-A 
pregnancies during the corresponding 
time period in the prospective series. This 


finding corresponds to that of Zuelzer and 
Kaplan (64) who detected a greater spread 
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between the maternal titres in saline and 
acacia when affected babies were com}, ired 
with controls. It indicates that the ¢ is 
indeed a tendency for mothers of aff: ted 
babies to have an immune type 0’ ag. 
glutinin against their infant’s A ag; \uti- 
nogen. 

We have fewer data concerning the 
maternal titres of anti-B in albumin. Only 


8 specimens obtained from 5 mothers of 
infants suffering from hemolytic di-case 
due to anti-B are available for analysis. 
However, the trend is evidently the same 
as with anti-A. In 3 out of 5 patients the 
titre in albumin at 37°C was at least 2 
tubes higher than that in saline at room 
temperature. 

3. Hemolysins. Of the 36 group O mo- 
thers in this series, 35 were shown to 
have hemolysins against adult A, cells. 
Only 1 was found to have no hemolysin 
in a single test performed on the first day 
after delivery (Case No. 23); this was a 
gravida 3 with a group A infant of identical 
Rh type (CDe/cde). Two other group 0 
women with A infants gave negative re- 


sults for anti-A hemolysin two days «after 
delivery but were shown to have «uch 
hemolysins three and eight days | ter, 
respectively (Case Nos. 10, 19). The ‘csts 
in all 36 women were performed with» 10 
days after delivery with the excepticn of 
one mother who was not tested for h mo- 
lysins in the puerperium but was ki >wn 
to have had anti-A hemolysin two mc ‘ths 


earlier (Case No. 24). The 7 women ho 
had affected group B infants are inc! 
among the 35 who had anti-A hemol\ ins; 
they also all had anti-B hemolysin, t! 
its titre in 3 of them was at least one 
tion lower than that of the anti-A h no- 
lysin. 21 women with affected A in 
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Tas. 29. Analysis of three forms of maternal antibody in 34 pregnancies in which 
ll three forms were examined and the infant had ABO hemolytic disease. 


Maternal “‘immune”’ antibodies 


After neutralization 


Anti-A or Anti-B Indirect 


Incomplete 


No. of women in each 
maternal-fetal blood- 


hemolysin AHG test agglutinin group relationship 
Total 
O-A 
O-A 
O-B 
O-A ] 
O-B 0 
O-A 6 
O-A 
O-B 0 
O-A 6 
O-B 
O-A 
O-B 
O-A 14 17 
O-B 
O-A 28 
Total 0-1 6 } 34 


also had tests for anti-B hemolysin per- 
formed; this was found to be present in 17 
(usually at slightly lower titre than anti-A 
hemolysin) and absent in 4. The anti-A 
hemolysin titres ranged from 2 to 32; the 
anti-B titres from 2 to 16. 

While it is of interest that nearly all of 
thes» mothers had hemolysins against 
adui: A, cells in the early postpartum 
period, it will be remembered that this 
was also true in our prospective series of 
hetc-ospecifie prenancies. It agrees with 
the ‘indings of other workers in cases of 
AB‘) hemolytic disease (41) (67). The test 
for 1emolysin against their own infant’s 
cell _ reeommended by Crawford and his 
coll agues (41) as being more sensitive, 


9056 Acta Pediatrica. Suppl.: 120 


was performed in 19 mothers in this series. 
It was positive in 12 of 13 women who 
had affected group A infants and in 5 out 
of 6 with affected B infants. The total of 
17 positives in 19 cases is not impressively 
different from the 11 positives in 14 cases 
obtained in our study of heterospecific 
pregnancies. The titres in our series were 
generally somewhat lower than when adult 
cells were used. 

4. Indirect Antiglobulin Test and In- 
complete Agglutinin after Neutralization. In 
our series of 36 mothers we obtained 26 
positive indirect antiglobulin tests against 
cells of the infant’s group after complete 
neutralization of saline-agglutinins by A or 
B group specific substance, and in 1 case 


Sis. 
me 
the 
Om 
10- 
to 
Ils. 
sin 
ay 
er 
ch 
T, 
ts 
10 
of 
O- 
n 
1s 
10 
d 
h 
l- 


74 C. G. ROBINSON, H. G 


the test was not performed because the 
agglutinin proved very difficult to neu- 
tralize (Case No. 1). In the remaining 9 
women the test proved negative; 7 of 
them had group A and 2 had group B 
infants. In 8 of these mothers the saline- 
agglutinin was hard to neutralize and in 
all 9 cases the infant’s serum contained an 
incompatible sensitizing antibody which 
must have been derived from the mother. 
Therefore, it may be presumed that the 
mother’s serum contained a sensitizing 
antibody which was absorbed in the pro- 
cess of neutralization. In other words, the 
negative maternal indirect antiglobulin 
test in these cases represents a “serological 
failure’. 

Demonstration of residual agglutinin 
against cells of the infant’s group in an 
albumin medium after neutralization of 
the saline-agglutinins was successful in 
19 of these 36 mothers, and in | case the 
test was again not performed because of 
the difficulty in neutralization. In the 
remaining 16 women the test was negative, 
13 being O-A and 3 O-B cases; it is 
interesting that the indirect antiglobulin 
test was positive in 8 of these and was 
also negative in the remaining 8. Con- 
versely, among the 9 cases with a negative 
indirect antiglobulin test, there was only 
1 in whom residual incomplete agglutinin 
could be demonstrated. So the indirect 
antiglobulin test was more often positive 
in our hands. In 7 of the 16 cases with a 
negative test for maternal incomplete 
agglutinin after neutralization, there was 
incompatible agglutinin demonstrable in 
albumin in the baby’s serum, so evidently 
this antibody is also liable to be masked 
by the process of neutralization. 

The findings in regard to maternal im- 
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mune antibodies are summarized in ‘able 
29. This shows that in 34 women tes s fo 
hemolysin, residual incomplete agghi tinin 
and sensitizing antibody after neutr. liza. 
tion were performed simultaneously i: the 
early postpartum period; 28 of thes« had 
group A and 6 group B infants. Ex:ctly 
half (14 with O-A and 3 with O-B rela. 
tionships) were demonstrated to have all 
the three forms of immune anti!ody. 
Eight of the 34 were shown to have only 
hemolysin and 7 had both hemolysin and 
a positive indirect antiglobulin test after 
neutralization. One case had only a _posi- 
tive antiglobulin test and 1 other had the 
other two forms of antibody demonstrated 
with a negative antiglobulin test. No case 
was without some form of “immune” 
antibody. 

When one compares these findings with 
those after delivery in our serics of 
heterospecific pregnancies (Table 10) one 
does not encounter a marked difference. 
However, the indirect antiglobulin test, 
and to a lesser extent the demonstr:tion 
of residual incomplete agglutinin, «fter 
neutralization appear positive somewhat 
more often in the maternal serum when 
the ABO hem«'vtic 


disease. 


infant frank 


III. Serological findings in the infa.'s 
1. Indirect Antiglobulin Test. The 
rect antiglobulin test against adult cc ‘s of 


idi- 


the infant’s own group was positive i the 
sera of all 37 babies. This is largel. ex- 
plained by the criteria of selectio’ as 


a positive direct or indirect antiglo «lin 
test in the infant was required for inc! -ion 
in the series, and the latter is found ore 
commonly than the former in — 3BO 


disease. As previously mentioned the ini- 
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Tas 30. Analysis of direct anti-human 

globu'in (AHG) tests, using commercial 

and « potent native serum, in 35 infants 
with ABO hemolytic disease. 


No. of cases Test Test 


tested positive negative 

Commi. AHG 35 1; 22 
Dilutions 1:10 27 l 26 
of Potent 1:50 26 6 20 
Native AHG 1:100 27 24 : 
Serum 1:200 24 22 2 

1:500 23 15 8 


versal finding of sensitizing antibody in 
these infants would indicate their presence 
in the mother, too, but they were only 
demonstrable in 26 out of 35 maternal sera 
after complete neutralization. 

2. Incompatible Agglutinin in Albumin. 
The presence of agglutinin against red 
cells of the infant’s group was demon- 
strated in an albumin medium in 15 out 
of 21 babies’ sera. This included 12 out 
of 18 group A and 3 out of 3 group B 
infants. The results suggest that the test 
is less constantly positive than the indirect 
antiglobulin test in affected infants. How- 
ever, it is admitted that a bias may have 


TAB! 


been introduced by our method of selecting 
cases for analysis. In any case, as pointed 
out in Part II, the test is also technically 
less satisfactory. 

3. Direct Antiglobulin Test. In Part IT the 
advantages of using native absorbed anti- 
globulin serum in various dilutions for 
the detection of red cell sensitization by 
ABO antibodies were demonstrated, and 
this method was shown to be more sensitive 
than the direct antiglobulin test performed 
with commercial serum. It was found that 
the optimal dilution of native antiglobulin 
serum for this purpose was 1:100, with 
1:200 as second best (see Part IT, Table 16). 
In the 37 infants with ABO hemolytic 
disease, similar results were obtained. The 
direct antiglobulin test, as performed with 
commercial serum most suitable for the 
detection of Rh antibodies, was only 
positive in 13 out of 35 cases tested (Table 
30). On the other hand, the test as per- 
formed with titrated native absorbed anti- 
globulin serum proved positive in 24 of 27 
cases at a dilution of 1:100 and in 22 of 
24 cases at a dilution of 1:200. When both 
methods were used the test with com- 
mercial serum was never positive alone. 


& 31. Comparison of results of direct anti-human globulin (AHG) tests performed 


hy tivo different techniques in 26 infants with ABO hemolytic disease as related to 
time after birth. 


Within 12 hours 


after birth 13-24 hours 


25-48 hours 


49-72 hours Over 72 hours 


Native Native Native Native Native 
Comm. AHG Comm. AHG Comm. AHG Comm. AHG Comm. AHG 
AHG serum AHG serum AHG serum AHG serum AHG serum 
serum Dil.1:100 serum Dil.1:100 serum Dil. 1:100 serum Dil.1:100 serum Dil. 1:106 
Posit ve 10 14 4 4 5 13 3 4 0 3 
Nege ‘ve 5 1 3 0 10 Z 4 3 y 6 
Tota’ tests 
per ‘ime 
per: d 15 7 15 7 9 
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Direct antiglobulin tests were performed 
by both methods in 26 infants with ABO 
disease, often repeatedly. If these are 
analyzed according to the time period after 
birth the results are as shown in Table 31. 
This demonstrates the superiority of the 
titration method at all periods. It also 
suggests that the direct antiglobulin test 
performed with commercial serum, _ if 
initially positive, tends to become negative 
sooner than when the titration method is 
used with concentrated serum. Very 
roughly, the test with commercial serum 
was likely to prove negative after the first 
day, the test with diluted native absorbed 


serum only after the third day. 


Discussion 


The clinical picture in the 37 infants 
described here is in keeping with that in 
other reported cases of hemolytic disease 
due to ABO incompatibility. The propor- 
tion of first-born infants (9 out of 37) is 
slightly lower than in other reported series, 
where it usually amounts to between one- 
third and one-half of the total number of 
cases. It is interesting that approximately 
one-third of the mothers who had previous 
offspring gave a history of marked neonatal 
jaundice in older siblings of our patients, 
though it is known that the disease is 
less regularly progressive in successive 
children than that due to Rh incompati- 
bility. The main clinical manifestation of 
the disease was jaundice which had usually 
become manifest within 24 hours of birth. 
Its severity was the main factor in prog- 
nosis and determined the necessity for the 
therapeutic use of replacement transfu- 
sion. Anemia represented a lesser pheno- 


menon; it was only noted clinically in 5 
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and was demonstrable by abnormall: low 
hemoglobin in 10 out of 35 infants and 
was never severe in the first week. tet. 
culocytosis occurred in over half 0: the 
affected infants and an increase in the 
nucleated red cell count was also pr: sent 
in a somewhat lower proportion of the 
patients. Spherocytosis of some degree 
was found universally when it was looked 
for, whereas the red cell fragility test in 
our hands proved less commonly abnormal. 

No fatalities or instances of kernicterus 
occurred in this series of 37 infants, and 
this may be largely due to the ready use 
of replacement transfusions. These were 
undertaken in no fewer than 12 of the 37 
infants and were repeated in 3 of them. In 
this connection it is of interest to recall 
that the mortality rate in Reepmaker’s 
\BO 
hemolytic disease was 10.8% and that 4 


(15) series of 241 patients with 


out of 38 patients with this condition 
reported by Zuelzer and Kaplan (64) 
developed kernicterus. In the present tate 
of our knowledge it would seem reasonable 
to perform a _ replacement transfusion 
whenever the serum bilirubin level, and 
particularly the indirect component, ap- 
proaches the level of 20 mg %, as is usvally 
advised in erythroblastosis due to Rh 
iso-immunization. Levine (26) has lso 
suggested that replacement transfusi. is 
indicated when the reticulocyte coun’ °x- 
ceeds 20%; we had two cases in w om 
this was known to occur, and one of ¢ ese 
received an exchange transfusion. 

In regard to the serological finding we 
were particularly interested to con re 
this series of infants exhibiting ‘ nk 
hemolytic disease with those whon we 
had followed prospectively in homosp: _ fic 
and heterospecific pregnancy. The m_ 
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nal -uti-A titres in saline in the early 
post) artum period did not differ markedly 
in cases of hemolytic disease as compared 
to ordinary heterospecific pregnancy. Al- 
thoush isolated strikingly high titres were 
observed in the mothers of affected infants, 
the median of their saline titres was only 
one dilution higher than in the hetero- 
specific series. It was notable that among 
the mothers with diseased babies there 
was a slightly higher proportion whose 
agglutinin titre in albumin exceeded that 
insaline by at least two tubes, as compared 
to the prospective series. This indicated 
the “spread” between the maternal anti-A 
titres in saline at room temperature and 
in colloid at body temperature which 
appears to be a feature of the immune 
response and was previously found by 
Zuelzer and Kaplan (64) in a series of af- 
fected babies. 

Hemolysins against adult A, cells were 
almost universally present in the group O 
mothers of these affected children. Hemo- 
lysins which were effective against the 
less reactive cells of their own infants 
were found in 17 out of 19 mothers. Un- 
fortunately, the demonstration of hemo- 
lvsins against either type of red cell is of 


littl: diagnostic value as we found a 
similarly high proportion of positive 


resu'ts in women with ordinary hetero- 
spec fie pregnancies (see Part I). Crawford 
and his colleagues (41) hoped that the test 
per! rmed against the infant’s cells would 
pro ¢ more specific for hemolytic disease 
in tie child, but as noted previously, we 
obt ined 11 positive tests of this kind in 
14 women during heterospecific preg- 
han ies, and on the other hand Zuelzer 
anc Kaplan (64) only demonstrated a 
ma rnal hemolysin against the red cells 


of newborn A, infants in 13 out of 18 cases 
of hemolytic disease due to anti-A. 

At present the most significant proce- 
dure in regard to the maternal serum would 
appear to be the indirect antiglobulin test 
against A, or B cells after neutralization 
of saline-agglutinin. As was shown earlier 
in this paper, positive tests of this kind 
indicate that the infant in a heterospecific 
50% 


chance of exhibiting a positive direct anti- 


pregnancy has approximately a 
globulin test and about a 25% chance of 
having frank hemolytic disease. In the 
present series of 36 mothers with affected 
infants a positive indirect antiglobulin test 
against cells of the infant’s group after 
neutralization was obtained 26 times 
(with one further inconclusive result), and 
the remaining cases presumably repre- 
sented “serological failures” in which the 
sensitizing antibody was masked during 
The 
residual agglutinin acting against cells of 


neutralization. demonstration of a 
the infant’s group in an albumin medium 
after neutralization was only successful in 
19 of these 36 mothers and thus proved 
somewhat less useful as a diagnostic aid. 
Both tests appeared positive somewhat 
more often in the maternal serum when 
the infant has frank ABO disease than in 
ordinary heterospecifie pregnancy. 

In regard to serological findings in the 
infant, it is not surprising that the indirect 
antiglobulin test given by the serum 
against adult cells of the baby’s group 
was positive in every case, as this was 
largely a criterion for admission into the 
series. The alternative mode of demonstrat - 
ing an incompatible antibody in_ the 
infant’s serum by means of agglutination 
of homologous cells in an albumin medium 


was only successful in 15 out of the 21 
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children and was technically less satis- 
factory. It may be that the use of activated 
papain represents a better technique for 
the detection of incomplete agglutinins in 
the infant (70) (53). 

In view of frequent statements in the 
literature that the direct antiglobulin test 
is rarely positive in cases of hemolytic 
disease due to ABO incompatibility, it 
was interesting to see the high proportion 
of positive results obtainable by the use of 
native absorbed antiglobulin serum in 
serial dilution. This might be partly 
ascribed to our method of selecting these 
cases, but they were accepted into the 
series even if only the indirect antiglobulin 
test was positive and the superiority of 
the titration method over the use of com- 
mercial antiglobulin serum clearly 
demonstrated. This relates not only to 
the larger number of positive results but 
also to the longer period after birth during 
which such a result may be obtained. 
Naturally, as the direct antiglobulin test 
is made more sensitive by this modification 
it will show up more cases of only mild 
hemolytic disease, as was illustrated in 
Part IlI. Nonetheless, it should prove a 
most useful diagnostic tool in selecting 
the infants 


heterospecific pregnancy who are liable to 


for clinician those born of 


develop frank hemolytic disease. 


Summary 


A detailed analysis of 37 cases of 
hemolytic disease due to ABO incompa- 
tibility is presented, with particular 
reference to the serological findings. These 
37 infants were the offspring of 36 group 
O mothers, and all satisfied the criteria for 


ABO hemolytic disease as laid down in a 
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previous section of this paper. Thir v of 
them belonged to group A and 7 to ¢-oup 


B. Nine were first-born children. The 
clinical manifestations corresponded © ose. 
ly to those described in other series. The 


main presenting symptom was carly 
jaundice, and its severity largely deter. 
the 
Significant anemia was also present in 1() 
The 


hematological findings are discussed: the 


mined prognosis and _ treatment. 


of the infants, but was usually mild. 


almost universal presence of spherocytosis, 
the occurrence of reticulocytosis in over 
half of the cases tested and the somewhat 
less frequent finding of a raised nucleated 
red cell count are described. The changes 
in serum bilirubin levels are also outlined. 

Twelve of the 37 infants received re- 
placement transfusions (repeated in three 
instances), and one further child received 
two simple transfusions. No fatalities and 
no cases of kernicterus occurred. 

The median maternal saline-agglut inin 
titre during the first week after delivery 
in this series was one dilution higher than 
that encountered in our prospective study 
of heterospecific pregnancies. Further, in 
a slightly higher proportion than in the 
latter group, the maternal anti-A aygylu- 
tinin titre in albumin at 37°C exce ded 


that in saline at room temperature }\ at 
least two dilutions. This is taken to :ndi- 
cate a form of immune response in ay lu- 
tination. 

Hemolysins against adult A, cells ere 
demonstrated in 35 out of 36 mate nal 


sera, but were of little diagnostic ai as 
they were equally common in our ordi: ary 
heterospecific series. Hemolysins ag: ‘nst 
infants’ A cells were demonstrated i 17 
out of 19 maternal sera, but proved ha ly 


more helpful. After neutralization of sa_ne- 
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agg| tinin by A or B group specific sub- 
stane the maternal sera gave a positive 
indi: ct antiglobulin test in 26 out of 36 
cases and residual agglutination of such 
cells in albumin in 19 out of 36 cases. The 
former test appeared practically more use- 
ful. Both reactions were somewhat more 
often positive in these mothers of affected 
infants than in the ordinary heterospecific 
preguancies studied previously. 

Partly because of the manner in which 
they had been selected, the infants always 
gave a positive indirect antiglobulin test 
against adult cells of their own group. The 
presence of an incompatible agglutinin 
acting in an albumin medium was also 
demonstrated in 15 out of 21 infants’ sera. 


This test appeared less useful and techni- 
cally satisfactory than the indirect anti- 
globulin procedure. 

The direct antiglobulin test performed 
with commercial antiglobulin serum was 
positive in 13 of the 35 infants tested, 
whereas the test performed with titrated 
native absorbed antiglobulin serum proved 
positive in 24 of 27 cases at a dilution of 
1:100. It was also shown that the result 
was likely to be negative after the first 
day when commercial serum was used and 
only after the third day with the titration 
method. 

These results are discussed in relation to 
the findings of other workers. 
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In the work reported here we have 
undertaken a prospective study of the 
effects of ABO incompatibility on mother 
and infant during and after pregnancy. 
We have compared the course of homo- 
specific and heterospecific pregnancies, 
with particular emphasis on serological 
changes, and we have analyzed the in- 
the 


sometimes 


cidence and special features of 


“hemolytic disease’ which 
results from the incompatibility in hetero- 


While 


interest emerge from our study, the read- 


specific cases. points of 


many 
er should be warned that the elucida- 
tion of basie differences in regard to 
clinical, hematological, biochemical and 
serological data in homospecific versus 
heterospecific pregnancy, and in unevent- 
ful heterospecific pregnancy versus such 
pregnancy with disease in the newborn, 
necessitates an analysis of very large 
numbers of cases if the differences are to 
assume statistical significance. Hence, in 
many instances, we have only been able to 
indicate trends rather than statistically 
proven facts. This difficulty applies parti- 
cularly to titre changes, as these are 
notoriously difficult to analyze statisti- 
cally. 

It remains largely obscure why some 
group O mothers develop more anti-A 
or anti-B antibodies than other women 
with an identical blood group relationship 


to the infant, and it is poorly understood 


pilogue 


why some babies are much more sev«rely 
affected by the maternal antibodies ‘han 
others with equal maternal titres. Many 
hypotheses have been formulated to an- 
swer these questions, but we still lack 
understanding of some of the basic pro- 
cesses underlying ABO hemolytic dis- 
ease. 

In conclusion, it may be fitting to point 
out a few outstanding problems: 

1. The chemical and immunochemical 
analysis of blood group substances (71) 
(72) and the immunological differentiation 
of A and B subgroups (73) and of the anti- 
A and anti-B antibodies in their various 
forms (74) (75) are being actively pursued 
in various centres. This should lead to the 
development of more accurate diagnostic 
tests in the disease and perhaps als: to 
better methods of prevention and _ treat- 
ment. 

2. It is now generally agreed that the 
disease occurs predominantly in children 
born to group O mothers. This presums 
indicates that such women are liabl: to 
produce a particularly potent antibod) in 
the ABO system which does not occu in 
group A or B persons. Wiener and iis 
colleagues (76) (77) (78) have sugge- 
that this is an antibody against a fact) ( 
Bor B 


persons and that this particular antil: |v 


which is present in group A, 


can therefore only be found in grou; 0 
women and may be the main caus 
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hen olytie disease in their offspring. 
Alt: natively, it has been considered that 
the iarmful antibody in group O women 
may be a “linked” cross-reacting anti-A 
and anti-B (79) (80). A recent study by 
Zue\zer and his colleagues (81) in a relevant 
twin pregnancy, however, supports the 
view that maternal group O sera contain 
multiple fractions of anti-A and anti-B 
antibodies with different partial speci- 
ficities, which together determine the 
degree of cross-reaction, rather than a 
single “linked” antibody. Clearly this 
matter deserves further study. 

3. The growing awareness of occasional 
breaks in the placental barrier, particularly 
at the time of delivery (82) (83) is likely 
to impinge on the field of hemolytic 
disease. While fetal-maternal transfusions 
are known to occur in late pregnancy and 
are liable to lead to severe anemia in the 
infant, it is also conceivable that maternal- 
fetal transfusion at the time of delivery 
may precipitate hemolytic disease. In 
hetcrospecific pregnancy such a transfu- 
sion of group O blood from the mother 
could be dangerous if it contained immune 
anti-A or anti-B to a high titre. These 
antibodies could cause ABO hemolytic 
disease in the infant (which is closely 
similar to a transfusion reaction), and the 
resulting anemia might well be partly 
masked by the group O blood received 
from the mother. The further investigation 
of -uch placental breaks will therefore be 
of » uch interest, and the resulting changes 
in he types and amounts of hemoglobin, 
in the levels of bilirubin and in the 
m rphology and group of the red cells in 
m ‘her and infant are a fruitful field for 
res -arch. 

. Recently, the phenomenon of im- 


8] 


munological tolerance has attracted in- 
creasing attention. It has been demon- 
strated that animals exposed to foreign 
cells or substances during fetal develop- 
ment or in the early neonatal period will 
often fail to make antibodies against this 
particular antigen in later life (84) (85). 
This phenomenon has a_ bearing on 
hemolytic disease. For instance, a group 
O woman whose mother belonged to 
group A and was a secretor, is likely to 
have been exposed to A antigen in fetal 
life and might thus be expected to have a 
reduced capacity for making anti-A later. 
She might therefore be less liable to be 
responsible for hemolytic disease in a 
group A offspring than another group O 
woman whose mother belonged to group 
O (62). To our knowledge, this matter has 
not yet been investigated in ABO in- 
compatibility. Studies in regard to Rh 
immunization so far suggest that mothers 
exposed to the antigen in fetal life are less 
likely to become sensitized later (86), but 
do not show a significant reduction in the 
incidence of hemolytic disease among their 
offspring (87) (88). The possibility of 
causing immunological tolerance artifi- 
cially in later life or of desensitizing those 
mothers who have dangerous antibodies 
still remains remote. 

5. There have been recent advances in 
the understanding of bilirubin metabolism 
in the newborn. It is now evident that 
bilirubin is conjugated with glucuronic 
acid in the liver prior to its excretion, and 
that there may be much variation in the 
maturation of the enzyme system involved 
in this conjugation (89) (90) (91) (92). The 
study of these processes may lead to a 
more successful management of hemolytic 
disease (93) (94). 
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